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INTRODUCTION 
Recurrent selection in maize (Zea mays L.) has been a powerful tool 
for plant breeders to use in developing improved inbreds and hybrids. 
Systematic evaluation of advanced populations from recurrent selection 
allows the breeder to determine (1) if progress is being made for the 
selected traits, and (2) if changes need to be made in the recurrent 
selection program to meet the overall objectives of the breeding 
program. The task of a breeder is to identify superior genotypes in a 
population. Since the frequency of such genotypes in a population is 
directly proportional to the population mean, improved populations 
should increase the frequency of the desired genotypes. However, a 
population improved for only one trait may be deficient in the performance 
of other traits. Therefore, populations developed through recurrent 
selection should be evaluated for all traits important in overall 
performance. 
Reciprocal full-sib selection has been conducted since 1963 at Iowa 
State University in cooperation with the United States Department of 
Agriculture. This program is designed to provide information regarding 
the changes in means and genetic variances that have resulted either 
directly or indirectly from selection in the 'Pioneer Two Ear Composite' 
(BSll) and the 'Iowa Two Ear Synthetic' (BSIO) populations. 
The primary objectives of this study were to evaluate the progress 
from six cycles of reciprocal full-sib selection (RFS) in BSll through 
(1) changes in means and genetic variances of selected traits; (2) changes 
in means and variances of traits for which no selection was practiced; 
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and (3) changes in phenotypic and genetic correlations between traits 
as a result of selection. Secondary objectives included (1) the effects 
of artificial inoculation of stalk rot organisms on standability, yield, 
and yield components; and (2) evaluation of methods to select for 




Recurrent selection, broadly defined, is any cyclic breeding 
procedure that is used in crop improvement. Many different recurrent 
selection methods have been proposed and used to improve breeding 
populations. Sprague and Eberhart (1977) gave a review of these methods. 
All methods require the selection of plants or families with superior 
performance of the traits of importance and the intermating of these 
selected plants or families to form an improved population. Selection 
based on the phenotype of the individual is known as mass selection. 
Selection based on family performance involves three phases: (1) forming 
families, (2) evaluating families and selecting superior ones, and (3) 
intercrossing plants from remnant seed of selected families (or selfed 
seed of the parents) to form the improved breeding population for the 
next cycle of improvement. All recurrent selection schemes are designed 
to gradually increase the frequency of favorable alleles. These improved 
populations should be better sources from which to derive superior 
performing inbred lines (Penny et al., 1963). 
Hayes and Garber (1919) suggested a scheme for improving corn 
varieties in which they proposed selfing individual plants, crossing the 
selected selfed lines, and selecting again within the random mated 
population which would be the source of an improved synthetic variety. 
Usually, Jenkins (1940) is given credit for the first sufficiently 
detailed outline of a recurrent selection program although Hull (1945) 
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was the first to use the term recurrent selection. Jenkins proposed 
that lines be evaluated in top cross yield trials, that the better 
selfed lines (no less than 10) be intercrossed to produce a synthetic 
variety, and this whole process be repeated at intervals which allowed 
sufficient recombination. In addition, he suggested including lines 
from unrelated sources during the intercrossing phase. Hull (1945) 
believed that yield heterosis was a result of overdominance. He pro­
posed a cyclic scheme now referred to as recurrent selection for specific 
combining ability (SCA) in which an inbred, rather than a genetically 
broad based population, is the tester. 
Comstock et al. (1949) proposed reciprocal recurrent selection (RRS) 
which, theoretically, would be effective regardless of the level of 
dominance or type of gene action existing in maize. Reciprocal recurrent 
selection is basically a half-sib family selection program in which a 
reciprocal population is the genetically broad based tester. Unlike the 
methods of Jenkins (1940) and Hull (1945), RRS was designed to improve 
the cross of two genetically different populations, making it an 
interpopulation improvement method, whereas the previous ones considered 
intrapopulation improvement. 
Hallauer (1967a, 1967b) and Lonnquist and Williams (1967) took 
advantage of the prolific trait in maize and proposed a modification of 
RRS. This procedure is called reciprocal full-sib selection (Hallauer 
and Eberhart, 1970). Reciprocal full-sib selection (RFS) is a breeding 
program designed to simultaneously (1) improve the parent populations, 
(2) develop inbred lines, and (3) develop superior single cross hybrids. 
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Operationally, RFS involves making plant to plant crosses between two 
populations and selfing the parent plants. The full-sib families are 
tested in replicated trials. 
The ultimate goal of RFS is a superior single cross hybrid. For 
this phase of the program, the process of Inbreeding, crossing, testing, 
and selection is repeated until superior hybrids are identified. 
Concurrent with the hybrid development phase of RFS, population 
improvement is accomplished by intercrossing parents (from selfed seed) 
of the superior full-sib progenies to produce the next cycle for each 
population. The process is then repeated for each cycle of selection. 
Reciprocal full-sib selection is designed to maximize selection for 
nonadditive effects (dominant and epistatic like effects) in the hybrid 
development phase while maintaining selection for additive effects in 
the population improvement phase (Hallauer, 1973). 
A program ultilizing reciprocal full-sib selection was initiated in 
maize in 1963 at Iowa State University using two prolific populations, 
BSTE (BSIO) and PHPRC (BSll). Hallauer (1973) reported a significant 
improvement in the populations per se and the population cross from one 
cycle of RFS. Preliminary results indicated that grain yield increased 
14.8% in BSIO, 18.7% in BSll, and 10.1% in the population cross. The 
performance of lines from the original populations in hybrid combinations 
was reported by Hoegemeyer and Hallauer (1976). Intra and interpopula­
tion crosses were made among selected and unselected lines. Interpopu­
lation crosses averaged 5.8 q/ha (7.4%) greater yields than intrapopula-
tion crosses and the crosses of selected lines yielded 8.7 q/ha (11.2%) 
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more than crosses of unselected lines. The selection among and within 
full-sib families seemed to be an efficient method of developing superior 
parental lines for hybrids although the performance of the lines per se 
was not reported. 
Obilana (1977), in his Ph.D. dissertation, estimated the amount and 
types of genetic variability in the interpopulation formed by crossing 
the two maize synthetics, BSIO and BSll, using the Design I, Design II 
and a combination of the two mating designs. Additive genetic variance 
2 (a^) was the most important component of genetic variance for all nine 
2 traits measured. Dominance variance (o^) was approximately half the 
additive variance for tiller number and grain yield. The remaining 
traits had dominance variance estimates of one quarter or less than the 
additive variances. 
Results of three cycles of reciprocal full-sib selection were com­
pared with expected gains, based on variance component estimates 
(Obilana et al., 1979b). The predictions using interpopulation variance 
components agreed well with the observed gains for grain yield. They 
observed a 17.5% gain in the C3 x C3 compared to the CO x CO; a 20% 
genetic gain was predicted. The realized gains in the two parental 
populations were 16.5% and 18.0% in BSIO and BSll, respectively. 
Lantin and Hallauer (1981) evaluated the effectiveness of four 
cycles of reciprocal full-sib selection for yield and ten cycles of mass 
selection for prolificacy in BSIO and BSll. The rate of gain in grain 
yield in the BSIO and BSll varieties and their cross was 7.0%, 7.9%, and 
7.0%, respectively. The improvement in the population cross was 
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attributed to Improvement in the parental populations. In addition, 
population responses were confirmed by higher mean performance of C4 
lines relative to the CO lines of each population. 
There was no evidence to indicate that genetic variability in the 
parental populations had decreased either after four cycles of intrapopu-
lation selection or in interpopulation full-sib crosses after five cycles 
of selection. 
Mass selection, however, was ineffective in improving grain yield 
in either of the populations per se or their cross, but did significantly 
increase the number of ears per plant. Mass selection was also much 
less effective than RFS for improvement of other agronomic traits. 
In a computer simulation study, Jones et al. (1971) demonstrated 
greater gain from RFS than RRS. Because family structures and testing 
procedures are slightly different for the two selection schemes, the 
selection intensity (although not the selection differential) for RFS 
can be doubled relative to RRS while the same effective population size 
was maintained. Genetic gains were calculated using selection intensi­
ties of 10/40 (k = 1.24) for RFS and 20/40 (k = 0.77) for RRS. The 
increase in selection intensity for RFS more than compensated for the 
larger phenotypic variances associated with this selection method. 
Sprague and Eberhart (1977) criticized the study of Jones et al. 
for using unrealistically low selection intensities. Comparisons of 
RFS and RRS using selection intensities they thought more appropriate of 
5% (k = 2.05) for RFS and 10% (k = 1.75) for RRS were made. Calculations 
of expected gains using variance estimates of Jarvis and Indian Chief 
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(Moll and Robinson, 1967) indicated that predicted gains for the two 
methods were similar. 
Smith (1979) developed a model to examine the observed changes in 
the means of populations undergoing selection. The changes were 
described in terms of Apot, the average change in allelic frequency 
weighted by a, the average effect of a gene substitution in the base 
2 population, and Ap d, the change in inbreeding depression in the improved 
populations. Previous models which regressed population and varietal 
hybrids on cycles of selection or accumulated selection differentials 
were unable to partition out effects due to inbreeding caused by genetic 
drift due to the use of restricted effective population sizes. 
Data from two studies designed to evaluate recurrent selection 
methods in com (Eberhart et al., 1973; Russell et al., 1973) were used 
in the model. Significant changes in the weighted average change in 
allelic frequency and in the amount of inbreeding depression in these 
populations were indicated from the analysis. In addition, the direct 
and indirect effects of selection were not significantly different for 
most populations studied. Similar conclusions were draim when popula­
tions were evaluated after subsequent cycles of selection (Smith, 1983). 
Variances and Covariances 
Recurrent selection was designed to maintain genetic variability 
in breeding populations, which would allow continued progress from 
selection. A review of several recurrent selection programs and the 
variance components in these populations was given by Hallauer and 
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Miranda (1981). In sturanary, the authors conclude that equally valid 
2 
estimates of can be obtained from long term selection experiments or 
mating designs if sufficient sampling, testing, and cycles of selection 
are available. However, estimates obtained from a particular cycle of 
selection may deviate considerably from the average. 
Horner et al. (1969) showed that the genetic variance among 
progeny means is equal to the total additive variance plus one-quarter 
of the dominance variance when gene frequencies are 0.5 or there is no 
dominance. There is now sufficient evidence to indicate that additive 
genetic variance contributes the major portion of the total genetic 
variance in most maize populations for most traits (Robinson and 
Comstock, 1955; Lonnquist, 1961; Lindsey et al., 1962; Gardner, 1963; 
Compton et al., 1965; Sprague, 1966; Horner et al., 1976). Therefore, 
the contribution of dominance to the variance among families is 
probably relatively unimportant and these variances are likely to 
be valid estimates for their respective populations. 
Gene frequencies in most selection experiments are unknown. 
Although the frequencies may be unknown, shifts away from intermediate 
levels, as a direct or correlated response to selection, would decrease 
genotyplc variation among lines of a population (Falconer, 1960). 
Some researchers have reported decreases in genetic variances 
resulting from recurrent selection (Da Silva and Lonnquist, 1968; 
Hallauer, 1970, 1973; Harris et al., 1972; Kevern, 1981). The loss in 
genetic variability in Stiff Stalk Synthetic noted by Hallauer (1970) 
after four cycles of selection was attributed to sampling error 
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(Eberhart et al., 1973). However, inbreeding due to small effective 
population size may be responsible in part for these reductions in 
genetic variance. 
Many others have reported inconsistent changes or the lack of 
significant changes in genetic variances (Burton et al., 1971; Darrah 
et al., 1972; Eberhart et al., 1973; Horner et al., 1973; Russell et al., 
1973; Obilana et al., 1979a; Lantin and Hallauer, 1981). In most 
recurrent selection programs in maize, genetic variability has been 
maintained during the initial cycles of selection. 
Correlations among plant traits are measured by plant breeders to 
understand the direct and indirect effects of selection. Mathematically, 
a genotypic correlation is the portion of the phenotypic correlation that 
is due to a genetic association between traits. Genetic correlations are 
due to pleiotropism and/or linkage of alleles responsible for associated 
plant functions. Recurrent selection for yield often changes the photo-
synthetic partitioning mechanism. Consequently, negative correlations 
may exist between yield and other important agronomic traits. Knowledge 
of these correlations allows breeders to efficiently construct improvement 
programs that minimize undesirable changes of important secondary traits. 
Fakorede and Mock (1982) evaluated the progress from seven cycles 
of reciprocal recurrent selection in BSSS(R) and BSCBl(R) and six cycles 
of half-sib family selection in BS12(HI) maize populations. Grain yield 
was significantly improved in the population crosses BSSS(R) x BSCBl(R) 
and BS12(HI) x B14A at several plant densities. Number of ears per plant, 
kernel moisture, leaf area traits, plant height, and stalk rot resistance 
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were increased. Decreases in pollen to silk interval, tassel size, and 
leaf angle above the ear were associated with increases in grain yield. 
Improved hybrids were better adapted to higher plant densities than were 
unimproved crosses. 
Moll and Robinson (1966) and Moll and Stuber (1971) evaluated 
reciprocal recurrent selection for yield in Jarvis and Indian Chief. 
They found good agreement between observed and expected correlated 
responses for number of ears per plant. Correlated responses for ear 
height and days to tasseling were not consistent. Similar studies of 
recurrent selection in maize (Harris et al., 1972; Russell et al., 1973; 
Homer et al., 1976; Darrah et al., 1978) also showed consistent rela­
tionships between grain yield and number of ears per plant. Correlated 
responses of other traits with selection for improved grain yield were 
likewise inconsistent. 
Jinahyon and Russell (1969a, 1969b) evaluated progress from three 
cycles of recurrent selection for stalk rot resistance in BSL, a 
version of the population 'Lancaster*. They observed correlated 
responses for eleven other traits among which increases in grain yield 
were associated with improved stalk rot resistance. However, many of 
the correlated changes were undesirable; i.e.. increased plant height, 
ear height, days to silking, and grain moisture. 
Devey (1982) evaluated the same population after an additional cycle 
of stalk rot selection and three cycles of selection for increased stalk 
strength. Field stalk lodging was reduced from 31.6 percent in the CO 
to 0.3 percent in the C7. The incidence of natural stalk rot decreased 
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from 44.2 to 1.0 percent in the CO and C7 populations, respectively. 
Unlike the earlier study by Jinahyon and Russell, grain yield decreased 
26.5 q/ha as a result of seven cycles of selection. 
Martin (1983) reported on three cycles of selection for resistance 
to mechanical stalk breakage and resistance to stalk rot after inocula­
tion with Diplodia maydis. All stalk quality traits were significantly 
improved whereas grain yield was significantly reduced for both selection 
methods. Divergent responses were observed in maturity and plant traits. 
Stalk Quality 
Yield losses resulting from poor stalk quality may range from 5 to 
25 percent annually (Zuber and Kang, 1978). Many researchers have re­
ported yield losses associated with numerous organisms in the range of 
those predicted by Zuber and Kang (Koehler, 1960; Hooker and Britton, 
1962; Wysong and Kerr, 1969; Perkins and Hooker. 1979; White et al., 
1979). Yield reductions are both direct because of premature killing of 
the plant leading to incomplete grain fill, and indirect because suscepti­
bility to stalk rotting reduces stalk strength leading to the failure 
of mechanical harvesters to completely recover grain from lodged plants 
(Hooker and Britton, 196.2; Loesch et al., 1962, 1972; White et al., 1979). 
Stalk rot in maize is the result of complex, dynamic interactions 
between the plant, numerous stalk rotting organisms, and the environment 
in which they occur. Dodd (1977) listed many organisms reported to be 
associated with stalk rot, although Diplodia maydis, Gibberella zeae, and 
Fusarium moniliforme are regarded as the most important. In addition. 
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anthracnose (caused by Colletotrlchum gramlnlcola) is rapidly becoming a 
major organism involved in causing stalk rot (White, 1977). The recent 
increase in prevalence of anthracnose was reviewed by Hooker (1976). Of 
all organisms associated with stalk rot, jP. moniliforme and C^. graminicola 
are capable of killing vigorously growing plants (Hooker, 1976; White and 
Humy, 1976; Dodd, 1977; Young and Kurcharek, 1977). Other organisms are 
generally associated with stalk rot in mature senescing plants (Pappelis 
and Boone, 1966). 
Different environments favor different stalk rot organisms. Conse­
quently, certain species of fungi have been isolated from rotted stalks 
more frequently in specific geographic areas or during certain years 
(Young et al., 1959; Kappelman et al., 1965; Christensen and Wilcoxson, 
1966). Hooker and White (1976) studied the prevalence of corn stalk rot 
fungi in Illinois. Nine fungi were identified in rotted stalks from 
plants exhibiting premature death; G. zeae, graminicola, Helmin-
thosporium spp, and moniliforme were most prevalent. D. maydis was 
found in only 5.0 percent of the fields. The Helminthosporium spp., 
morphologically like H. carbonum, were present in more than 40 percent 
of the fields examined, but always in the presence of other pathogenic 
fungi. 
Syringe inoculations of the lower internodes with a spore suspension 
of 2" maydis to evaluate 13 single cross hybrids of maize was reported by 
Smith et al. (1938). Pith and cortical spread of rot was highly 
correlated with natural field stalk lodging and natural stalk rot. Other 
investigators have demonstrated basal infection (rot developing first in 
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the roots and progressing up the stalk) by stalk rotting organisms is 
probably the most important (Hooker, 1956, 1957; Whitney and Mortimore, 
1957, Koehler, 1960). 
The first and second elongated intemodes above ground produced the 
greatest differential reaction among Inbred lines when inoculated with 
2" maydis by Smith's technique (Hooker, 1957). Inoculations made higher 
up the stalk showed more susceptible reactions and the differences among 
lines were reduced. Inoculations made any time during the period one to 
three weeks following anthesis resulted in the same stalk rot reaction. 
White and Humy (1976) investigated several inoculation methods for 
C^. graminicola. Injection of a spore suspension into stalk internodes 
was more reliable than placing a spore suspension behind the leaf sheath 
or ear shoot. Inoculations in the first elongated intemode resulted in 
the greatest number of discolored internodes. White et al. (1979) in 
more detailed studies of anthracnose stalk rot, reported an improved 
method of stalk injections with a pistol grip rubber plunger syringe. 
It delivered a known volume of spore suspension unlike other methods used 
previously (Smith et al., 1938; Koehler, 1960). The most consistent 
results were obtained when plants were inoculated two to four weeks 
post-anthesis and rated for stalk rot development two to six weeks 
following inoculation. 
Resistance to stalk rot in maize showed variation and was heritable 
(Durrell, 1923; Smith et al., 1938). Resistance was inherited in a 
complex manner (Andrew, 1954; Christensen and Wilcoxson, 1966; Kappelman 
and Thompson, 1966; Hooker, 1973, 1976) and Sprague (1954) concluded 
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resistance to stalk rot was typical of quantitative inheritance. White 
et al. (1979) evaluated more than 1500 inbreds and concluded that few 
sources of resistance had simple modes of inheritance. Resistance to 
stalk rot can readily be selected during inbreeding (Russell, 1961; 
Hooker, 1973) and responds to selection (Jinahyon and Russell, 1969a; 
Hooker, 1976; Martin, 1983). 
Sprague (1954), Hooker (1956), and White (1978) reported that 
resistance to two of the more common stalk rot pathogens, D. maydis and 
G. zeae, were correlated. White (1977) reported a low correlation of 
stalk rot reactions in inbreds inoculated with D. maydis and C. 
gramlnlcola. 
Several structural stalk components are known to be important com­
ponents of resistance to stalk lodging. Rind thickness, stalk diameter, 
pith density, and lignin and cellulose content contribute to mechanical 
stalk strength. Early experiments conducted in corn measured lateral 
breaking force of the stalk and related these measures to lodging 
resistance (Durrell, 1925; Jenkins and Gaessler, 1932, 1934). 
Zuber and Grogan (1961) developed a method different from the 
earlier investigators. They measured the force required to crush a 5.1 
cm stalk section end-on-end (crushing strength) unlike the lateral force 
measured by Durrell (1925) and Jenkins and Gaessler (1932, 1934). In a 
modified diallel analysis study, Zuber and Grogen measured crushing 
strength, rind thickness, stalk diameter, and stalk section weight. The 
first two variables were highly correlated with field stalk lodging. 
They concluded rind thickness was the best criterion for evaluating 
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stalk strength due to its relative ease of measurement and high 
correlation with stalk lodging. 
Contributions of the rind to stalk strength were studied by Pickett 
et al. (1969) and Cloninger et al. (1970). Pickett et al. (1969) used a 
rind penetrometer to measure rind strength. Both minor stalk diameter 
and rind strength were associated with stalk strength (stiffness). 
Cloninger et al. (1970) reported the rind was relatively more important 
than the pith in determining stalk strength and this relative contribution 
of the rind increased with increasing stalk strength. Chang et al. (1976) 
evaluated progress from recurrent selection for crushing strength in two 
maize populations. Although the two populations, MOSQA and MOSQB, were 
similar in stalk strength, the particular array of anatomical traits 
contributing to stalk strength differed. MOSQA derived its strength from 
a greater number of vascular bundles, while MOSQB derived its strength 
from greater lignification per vascular bundle. Regardless of the means 
by which greater strength was obtained, the rind still contributed the 
largest proportion. 
Loesch (1972) initiated a comprehensive study on the inheritance of 
stalk strength and its components. Additive effects were much more 
important than nonadditive effects for eight stalk strength traits in 
a twelve line diallel. Chang and Loesch (1972), in the same diallel 
series, reported that additive effects, again, were much more important 
than nonadditive effects for four anatomical traits presumed to be 
related to stalk strength. The additive genetic effects were the most 
important for crushing strength, rind thickness, and percentage senescent 
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stalks in a generation mean analysis using four inbred lines and all 
possible crosses among them (Arnold and Josephson, 1975). 
Many studies have confirmed the relationships between other stalk 
quality traits and those previously mentioned (Thompson, 1964, 1970; 
Singh et al., 1969; Miller and Myers, 1974; Colbert and Zuber, 1978; 
Twumasi-Afriyie and Hunter, 1982). Thus there are two components that 
are important to field stalk lodging. Susceptibility to stalk rotting 
fungi that reduces stalk strength and contributes to lower yields and 
inherent mechanical strength of the stalk either in the presence or 
absence of stalk rots is responsible for stalk breaking in the field 
(Sleper and Russell, 1970; Loesch et al., 1972; Devey, 1982; Martin, 
1983). Selection for stalk rot resistance, stalk strength, or rind 
strength are expected to decrease field stalk lodging. 
Root Traits 
Root systems of maize have not received as much attention as above-
ground systems have due to the limitations of the soil environment. 
However, root systems merit investigation because of the importance of 
com rootworms (Diabrotica species) as maize pests (Bigger et al., 1938; 
Cooper et al., 1942; Huber et al., 1948; Hill and Mayo, 1974; Rogers 
et al., 1976) and the associated problems of root lodging either in the 
presence or absence of corn rootworm larvae. 
Holbert and Koehler (1924) were among the first researchers to 
evaluate maize root systems. They pulled roots mechanically in the 
field and greenhouse and observed that inbreds with greater root length 
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were less susceptible to root rot. They also reported as root pulling 
resistance decreased, root lodging increased. Further studies (Koehler 
et al., 1925) revealed differences among two sets of sister lines for 
root number, root dry weight, root lodging, and root pulling resistance. 
Tall lines resistant to root lodging had higher root strength scores than 
shorter lines with root lodging resistance. 
Many investigators have evaluated techniques for examining root 
systems since these early studies. Wilson (1930) reported root pulling 
resistance was related to root lodging resistance as did Hall (1934), who 
also advocated the use of root clump weight, length of brace roots and 
angle of brace roots as indicators of lodging resistance. Eiben and 
Peters (1962) and Eiben (1967) found significant differences among inbred 
lines for total number of crown roots, number of root nodes, and amount 
of force to pull roots from the ground, but failed to detect significant 
differences for number of rootworms per plant or damaged roots. Lines 
with vertically oriented roots tended to be susceptible to root lodging. 
In a similar study, Eiben and Peters (1965) also reported differences 
in dry weight of roots and size rating although percentage of damaged roots 
or damage rating lacked differences. They concluded that root pulling 
resistance was the best indicator of rootworm related responses. Thompson 
(1968) used a potato digger to examine root systems. He, likewise, found 
associations between visual root size and root clump weight with root 
lodging (r = -0.59 and r = -0.52, respectively). Roots attained their 
maximum weight approximately one month after flowering. Ortman et al. 
(1968) also reported a high correlation between root pulling and visual 
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root rating and a lack of association between root pulling and other 
characters including root angle and number of nodes. 
Ortman and Gerloff (1970) reviewed the techniques used for measuring 
rootworm resistance. Tolerance appeared to be the most promising avenue 
for developing resistance because only low levels of antibiosis had been 
identified. They evaluated several characters relevant to tolerance under 
both infested and noninfested regimes and concluded that root size and 
conformation were the most important characters and fibrous root habit 
was relatively less important. Rogers et al. (1977) evaluated families 
from four synthetics and concluded that predicted gains in root lodging 
were generally better when selection was based on root lodging itself. 
However, in the absence of root lodging, root pulling strength was 
superior to root size and secondary root development for indirectly 
improving resistance to root lodging. In a companion study, Rogers et al. 
(1976b) reported that root size was the only tolerance trait useful in 
Improving response to rootworm infestations. Jenison et al. (1981) 
evaluated root pull at two stages of growth (pretassel and kernel milk 
stages) and found the loss in root strength from the first stage to the 
second stage to be highly correlated with root rot ratings obtained in 
independent samples. 
Hayes and McClelland (1928) were among the first to report on the 
inheritance of root lodging. Single crosses between inbreds of contrast­
ing types were intermediate in the expression of lodging while hybrids 
derived from two resistant parents were also resistant to root lodging. 
The Indiana inbred 38-11 resisted lodging after severe southern corn 
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rootworm attack as did hybrids in which it was one parent (Bigger et al., 
1941). Obilana and Hallauer (1974) evaluated random lines from BSSS for 
root size, secondary root growth, and root angle. All three traits had 
heritabilities greater than 0.70. Owens et al. (1974) used the same 
material as Obilana and Hallauer to evaluate root lodging, root size, 
rootworm feeding damage and secondary root development. Rootworm feeding 
damage had a low heritability. Authors of both studies recommended 
selection for larger root systems to reduce damage resulting from root-
worm feeding. Penny (1975, 1977, 1981) demonstrated the consistent 
relative ranking of root pulling resistance among inbred lines and test-
crosses in several environments and in different growth stages. 
Differences among entries were larger at the milk stage of development. 
He recommended sampling five plants per plot in each of two replications 
in two to three environments for reliable root pulling resistance data. 
Zuber (1968) and Penny (1977, 1981) evaluated inbred lines and corre­
sponding crosses for root pulling resistance and found a high 
correlation between them. 
Hayes and Johnson (1939) evaluated 12 plant traits in 110 inbreds 
and their topcross yields. Root pulling resistance of the inbreds was 
correlated significantly (r = 0.45) with topcross yield. In generation 
mean analyses among four inbred lines, Nass and Zuber (1971) evaluated 
root strength of adult plant in the field and root volume, root weight, 
and weight of crown roots 35 days after planting in the greenhouse. Root 
pulling correlations with greenhouse measured traits exceeded 0.67 in all 
cases. Rogers et al. (1976) studied the effects of rootworm infestations 
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on yield in unselected maize single crosses. Correlations between yield 
and root size were low but significant (0.20 < r < 0.30) for two years. 
Yield and root lodging were not correlated, however. Kevern (1981) 
evaluated the progress from eight cycles of reciprocal recurrent 
selection. Changes in root pulling scores associated with selection for 
grain yield were inconsistent when comparing unimproved vs. improved 
populations and pre vs. post-anthesis root pulling. Decreases in genetic 
variability among lines for root pulling were associated with 
recurrent selection for improved grain yield although the reduction was 
significant only in BSCBl(R) for both dates of pulling. Arihara and 
Crosbie (1982) measured seedling root traits on some of the lines from 
Kevem's study. Rank and genotypic correlation coefficients between 
seedling root pull resistance and mature traits (root pulling resistance 
and root lodging) were all lower than 0.33, suggesting the limited 
utility of selection for high seedling root pulling resistance in 
improving mature root traits for BSCBl and BSSS. 
European Corn Borer 
The European corn borer, [Ostrinia nubilalis (Hlibner)] is known to 
be a commonly occurring, damaging pest of maize. Substantial yield 
losses were attributed to corn borer infestations several times in the 
last 25 years. Metcalf et al. (1962) and Dicke (1977) described the 
appearance, biology, and damage of the insect. In Iowa, there are 
usually two generations, or broods, during the growing season. Corn 
borers hibernate as full grown larvae primarily in cornstalks. Pupation 
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and emergence are dependent upon temperature and photoperlod. Moths 
emerge in late May or early June to deposit egg masses in the whorls of 
developing maize plants. The eggs hatch, and the first brood larvae 
damage the young plant by feeding on the leaves in the whorl of the 
plant. Characteristic injuries are shot-holes and elongated lesions on 
the leaf blades, in the midribs and behind the sheath. Second brood 
damage is caused by borers feeding on sheath and collar tissue followed 
by tunnelling into the stalk. Resistance is the most economical and 
efficient method of control. 
Guthrie (1974, 1975) reviewed the methods for evaluation of plant 
materials for resistance to insects. Methods in recent years have been 
developed for mass producing insects through laboratory rearing which has 
aided in achieving uniform levels of infestation. Progress in host plant 
resistance has been substantial through the development of these mass 
rearing techniques. Evaluations of materials for first brood European 
corn borer involves infesting plants in the whorl with either egg masses 
or newly hatched larvae several times during the early development of the 
plant (Guthrie, 1974, 1975). A nine class rating scale based both on 
amount of feeding and size and type of individual feeding areas (1 = 
resistant; 9 = susceptible) was used for scoring plant materials 
(Penny and Dicke, 1956). 
Inheritance of resistance to first brood leaf feeding has been 
studied and has been attributed to one gene pair (Penny and Dicke, 1957), 
two (Mohammed et al., 1966), or more (Penny and Dicke, 1956). Ibrahim 
(1954) reported dominant or partially dominant gene action, while 
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primarily additive effects were observed in other studies (Scott et al., 
1964; Scott and Dicke, 1965; Chiang and Hudson, 1973; Jennings et al., 
1976). Penny et al. (1967) evaluated the progress from selection for 
first brood European corn borer resistance in five synthetics and 
concluded that three cycles of selection were sufficient to produce 
essentially borer resistant populations. 
Grady (1980) reported the significant Improvement in first brood 
European com borer ratings in two populations undergoing reciprocal 
recurrent selection primarily for grain yield. Reductions in the genetic 
variance among random lines were observed for both populations. 
Leaf Diseases 
Several major leaf diseases of maize have been reported to signifi­
cantly reduce yields of susceptible hybrids if the environment is 
favorable for disease development (Ullstrup and Miles. 1957; Fisher et 
al., 1976; Smith, 1976). Plants infected with leaf blights become pre­
disposed to stalk rotting organisms (Fajemisin and Hooker, 1974) causing 
further reductions in yield and contributing to increased stalk lodging. 
Van der Plank (1963) originally proposed the area under the disease 
progress curve (AUDPC) model for epidemiological studies. Grain yield 
loss was related to wheat stem rust severity and wheat leaf rust progress 
(Buchenau, 1975). Areas under the disease progress curves were more 
reliable than apparent infection rates or final disease ratings for the 
quantification of effects of fungicide and general resistance to infec­
tion by Phytophthora infestans (Mont.) d By. in potatoes (Fry, 1978). 
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Raymundo (1979) showed that AUDPC values for artificially induced 
epiphytotics of northern corn leaf blight were significantly correlated 
with loss of grain per hectare (0.89) and reduction in 500 kernel weight 
(0.97). 
Hooker (.1954) evaluated the efficiency of various methods of 
inducing field infections with Helniinthosporium turcicum. Infected 
pulverized leaves applied to the leaf whorl two or three times resulted 
in the highest level of leaf blight and was the most economical method 
of all those tested. It has added advantages because facilities for 
isolation and culture of the pathogen were not required and relatively 
unskilled labor could be employed in conducting most operations. 
Perkins and Hooker (J. M. Perkins and A. L. Hooker, 1978. Depart­
ment of Agronomy, University of Illinois, personal communication) found 
that the individual plant reactions to northern leaf blight within an 
family had very low variance estimates. They also reported that the 
family by investigator interaction was not significantly different from 
zero. They concluded that data could be taken on plot rather than on an 
individual plant basis and to conserve space, seed, disease inoculum, 
and to increase efficiency, a single plot could consist of a four-plant 
hill rather than a twelve-plant row. 
Considerable data are available on the inheritance of resistance 
to leaf diseases of corn. Both quantitative and qualitative gene 
patterns have been described (Ullstrup, 1977). Diallel sets of crosses 
have been studied for reaction to southern leaf blight and anthracnose 
leaf blight. Resistance was largely additive (Pate and Harvey, 1954) 
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or only partially dominant for southern leaf blight (Lim, 1975) while 
additive effects were more important than nonadditive effects for 
anthracnose leaf blight (Lim and White, 1978). Jenkins and Robert (1954) 
indicated the number of genes controlling resistance to northern leaf 
blight was large and that resistance ran the spectrum from almost 
complete dominance to complete additivity. The Inheritance of resistance 
to northern leaf blight of four Australian inbreds (Hughes and Hooker, 
1971) and to anthracnose leaf blight of several corn belt inbreds 
(Carson, 1978) was largely additive and the estimated number of genes 
conditioning resistance was low. Moll et al. (1963) found similar results 
in studies on reaction to brown spot (caused by Physoderma maydis) and 
indicated the presence of epistasis in certain crosses. 
Several studies have investigated correlations between different 
disease scores or between disease scores and other traits. Significant 
positive correlations between all pairs of disease ratings for anthracnose 
leaf blight (caused by Colletotrichum graminicola), southern leaf blight 
(caused by Helminthosporium maydis), northern leaf blight (caused by 
Helminthosporium turclcum), and northern leaf spot (caused by 
Helminthosporium carbonum) on 98 dent corn inbreds were reported by 
Humy (1976). Montgomery (1980) reported similar findings using random 
lines from five broad base synthetics. Genetic correlations between 
grain yield in the absence of disease and disease reactions were all 
near zero and nonsignificant (Miles et al., 1980). Miles (1979) 
reported significant negative correlations between disease scores and 
maturity as measured by harvest moisture. Anglade and Molot (1967) found 
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lines to leaf feeding by the European corn borer and to northern leaf 
blight. Grady (1980), however, found a lower genetic association 
between those same two traits among random lines from a study evaluating 
progress from reciprocal recurrent selection. Grady (1980) also reported 
that recurrent selection, primarily for yield, improved resistance to 
northern leaf blight in BSCBl(R) while resistance was substantially 
unchanged in BSSS(R). Changes in the genetic variance for leaf blight 
reaction were inconsistent. 
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MATERIALS AND METHODS 
Plant Materials 
The material used in this study was a maize synthetic population 
designated 'Iowa Synthetic #11' (BSll) formerly named 'Pioneer Two-Ear 
Composite'. BSll was developed by W. L. Brown of Pioneer Hi-Bred 
International, Inc., Johnston, Iowa, by crossing Caribbean and Southern 
U.S. germplasm with Corn Belt lines followed by several generations of 
recombination and selection for prolificacy. 
Reciprocal full-sib selection, in which the primary trait was grain 
yield, was initiated in BSIO and BSll in 1963 (Hallauer, 1973). The 
population improvement phase of this procedure is described below 
(Hallauer and Eberhart, 1970; Hallauer, 1973). 
(1) In 1963, SQ plants from each population were grown in paired 
rows. The lower ear of a two eared plant was selfed and the 
top ear was outcrossed at the same time to a plant of BSIO. 
(In subsequent generations, selfing was done the first day 
using the lower ear and reciprocal crosses were made the 
following day using the top ear.) Hybrid seed (S^ x S^) and 
selfed seed (S^) from 144 pairs of SQ plants were successfully 
obtained. The SQ X SQ crosses were evaluated in 1964 In a 
replicated yield trial at two locations. Inbreeding of the 
selected plants was continued and plant to plant crosses were 
produced and yield tested through the S^ generation. 
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(2) In 1969, 16 lines from BSll were recombined to form the 
cycle 1 population, designated BSll(FR)CI. The recombination 
procedure used was the bulk entry method (Stuber, 1980). 
(3) In 1970, SQ X Sg and progenies from 181 pairs of plants of 
the CI population were produced. The full-sib progenies were 
evaluated at three locations in 1971 and seed of the 20 
highest yielding SQ X SQ crosses from each population were 
recombined to form the C2 populations. 
(4) The procedure was repeated to obtain the subsequent cycles, 
each time recombining 20 selected S^ lines. Selection was 
primarily based upon grain yield, grain moisture at harvest, 
stalk lodging, and root lodging of the SQ X SQ crosses. In 
addition, selection among the S^ progenies was also based on 
stalk-quality and reaction to first brood European corn borer 
(Ostrinia nubilalis Htlbner) infestations. By 1980, six cycles 
of reciprocal full-sib selection had been completed. From the 
C2 to C6, the use of winter nurseries for recombination allowed 
a cycle of selection to be completed in two years. In 1980, 
120 random S^ lines from each of the CO and C6 cycles of 
BSll(FR) were produced. These S^ lines were chain sibbed 
using from six to 17 plants within each family in 1981 to 
produce adequate seed for testing in 1982. 
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Field Procedures 
The experimental design was two replications of a reps in sets design 
in which each set is treated as a randomized complete block. Ten CO and 
10 C6 families were randomly assigned to each of 12 sets. Entry 
designation was 1 to 240, with 1 to 120, and 121 to 240 corresponding to 
lines from BSllCO, and BS11(FR)C6, respectively. Entry 41 lacked suffi­
cient seed for testing in 1982, so another random CO family was sub­
stituted for it. Entry 41 was deleted from the combined analysis. The 
experimental design was the same for all experiments in 1981 and 1982. 
Experiments 91 and 92 
These experiments were conducted at the Iowa State University 
Research Center near Kanawha, Iowa (Experiment 91) and Martinsburg, Iowa 
(Experiment 92) in 1981 and 1982. Experimental units were two-row plots 
spaced 76 cm and 5.6m long. Because of seed supplies, only 46 
kernels per plot (23 per row) were planted and no thinning was done. A 
perfect stand would result in a final plant density of 53.700 plants/ha. 
All environments were machine planted. 
Potassium (KgO) and phosphorus (P^O^) were fall-applied at the rate 
of approximately 90 kg/ha actual K and P while nitrogen was spring-
applied at approximately 200 kg/ha actual N. Cultural practices included 
hand weeding in addition to conventional methods of maize culture. Dates 
of planting and plot sizes for all experiments are given in Table 1. 
Table 1. Summary of agronomic data for 13 experiments conducted in 1981 and 1982 
Experiment 
number Location Planting date Plot size Density 
81090 Ames Research Center April 29, 1981 457 cm X 76 cm 49,000 plants/ha 
81091 Kanawha April 30, 1981 564 cm X 152 cm 53,700 plants/ha 
81092 Martinsburg May 6, 1981 564 cm X 152 cm 53,700 plants/ha 
81093 Atomic Energy Farm May 8, 1981 102 cm X 76 cm 51,600 plants/ha 
81094 Atomic Energy Farm May 8, 1981 102 cm X 76 cm 51,600 plants/ha 
81095 Ames Research Center April 29, 1981 457 cm X 76 cm 49,000 plants/ha 
82090 Ames Research Center April 26, 1982 564 cm X 76 cm 53,700 plants/ha 
82091 Kanawha April 30 - May 1, 1982 564 cm X 152 cm 53,700 plants/ha 
82092 Martinsburg May 11 , 1982 564 cm X 152 cm 53,700 plants/ha 
82093 Atomic Energy Farm April 29, 1982 102 cm X 76 cm 51,600 plants/ha 
82094 Atomic Energy Farm April 29, 1982 102 cm X 76 cm 51,600 plants/ha 
82095 Ames Research Center April 27, 1982 564 cm X 76 cm 53,700 plants/ha 
82096 Ames Research Center April 27, 1982 457 cm X 76 cm 49,000 plants/ha 
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Experiments 91 and 92 were used to evaluate grain yield, grain 
moisture, root lodging, stalk lodging, and dropped ears. Data were taken 
before harvest for the following traits: 
(1) Root lodging (RTL) — the percentage of total plants per plot 
that were inclined more than 30° from vertical; 
(2) Stalk lodging (STL) — the percentage of total plants per plot 
that were broken below the primary ear node; and 
(3) Dropped ears (DE) — the percentage of total plants that had 
lost ears from the stalk. Individual plants may have 
dropped more than one ear. 
Plots were machine harvested at maturity for the collection of yield 
and moisture data as follows: 
(1) Grain yield (MYLD) — plots were harvested with a Massey 
Ferguson 205 combine adapted for small plot harvesting. No 
additional attempt was made to glean plots for dropped ears or 
root and stalk lodged plants. Shelled grain weight to the 
nearest 0.1 pound was determined for each plot by use of a 
weigh bar mechanism on the combine. Grain weight per plot was 
adjusted to 15.5% grain moisture. No adjustments for stand 
were made. After adjusting for grain moisture, grain yields 
were expressed in quintals per hectare. 
(2) Grain moisture (MST) — was determined using a portable moisture 
tester on the combine. 
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Experiment 90 
The entries were planted at the Agronomy and Agriculture Engineering 
Research Center near Ames, Iowa. In 1981, experimental units were single 
row plots with 17 hills per row. Plots were spaced 76 cm and were 4.6 m 
long with 25 cm hill spacing. Two kernels were hand planted in each 
hill and all hills were thinned to single plants at the 4-6 leaf stage, 
which resulted in a final plant density of approximately 49,000 plants/ha. 
In 1982, experimental units were single row plots. Plots were spaced 
76 cm and were 5.6 m long. Thirty-four kernels were machine planted in 
each row and all rows were thinned to 23 plants at the 4-6 leaf stage, 
which resulted in a final plant density of approximately 53,700 plants/ha. 
Phosphorus (PgO^) and potassium (KgO) were fall applied in both years 
at rates of 67 and 100 kg/ha, respectively. Nitrogen (urea) was spring 
applied at 137 kg/ha of actual nitrogen. Cultural practices and hand 
weeding were similar to Experiments 91 and 92. 
This experiment was for evaluation of hand harvested grain yield 
(YLDl and YLD2), 300 kernel weight (KWTl and KWT2), stalk lodging (STLl 
and STL2), root lodging (RTLl), dropped ears (DEI), ear number (ERNO), 
tiller number (TILL), days to anthesis (PS and SD), plant height (PLHT), 
ear height (ERHT), rind puncture (RPNCTl and RPNCT2), and the effects of 
artificial inoculation of a mixture of stalk rot organisms on traits 
expressed after anthesis. Since precise comparisons between inoculated 
and noninoculated plots were desirable, these paired plots of the same S^ 
family were always located in adjacent rows to minimize the environmental 
differences between them. 
Ten days after at least 50 percent of the plants had silked in all 
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plots, all plants per plot in one of the two rows for each family 
were inoculated with a mycelial and spore suspension of D. maydis, G. 
zeae, and C. graminicola. The inoculation procedure involved forcibly 
injecting 2 ml of the suspension into the center of the first elongated 
internode above ground with a 50 ml Vaco Pistol-Grip Rubber Plunger 
Syringe (Ideal Instruments, Inc., Chicago, IL 60612) fitted with a 
stainless steel needle. 
The inoculum was prepared by growing cultures of D. maydis, G. zeae, 
and graminicola separately on oatmeal agar in petri dishes at room 
temperature. Cultures of graminicola and D. maydis were obtained 
from Dr. D. G. White of the University of Illinois at Urbana-Champaign 
and cultures of £. zeae were obtained from Dr. N. Vakili from the 
Cooperative Federal-State project of the United States Department of 
Agriculture, Ames, Iowa. Organisms were grown separately on oatmeal 
agar. The oatmeal agar was prepared by heating 75 grams of oatmeal in 
800 ml in distilled water at 80°C on a hot plate for about one hour. 
Seventeen grams of agar in 200 ml of water was heated separately. The 
oatmeal was strained through a cheese cloth and the melted agar was added 
to the strained oatmeal juice. One gram of yeast extract was added to 
this mixture and the mixture was autoclaved at 96.5 kilopascals 
pressure. 
After autoclaving, approximately 20 ml aliquots of the oatmeal agar 
was poured into sterile petri dishes. The agar was allowed to cool and 
equal numbers of plates were seeded with one of the three organisms 48 
hours later. Cultures were observed periodically for contamination and 
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spore production under a binocular microscope. 
Approximately three weeks later, when plots were ready for inocula­
tion, the most mature cultures of an organism were chosen for preparation 
of the inoculum. Five to eight plates of agar were placed in a blender 
with 500 ml of distilled water and blended for one minute, liberating the 
spores and mycelia. Spore counts were taken visually by means of a 
hemacytometer. Spore concentrations were adjusted to 3 x 10^/ml by 
adding distilled water. The process was repeated for each organism. 
Equal quantities of the respective solutions were mixed to give inoculum 
with approximately 3 x 10^ total spores/ml or 1 x 10^ spores/ml of each 
organism. 
Data were taken before harvest for the following traits: 
(1) Pollen (PS) — the number of days after June 30 that 50% of 
the plants in the plot had started to shed pollen; 
(2) Silk (SD) — the number of days after June 30 that 50% of the 
plants in the plot had visible silks; 
(3) Pollen-silk interval (PSINT) — the difference between silking 
and anthesis; 
(A) Stand (FS) — the number of plants per/plot converted to 
plants/ha; 
(5) Plant height (PLHT) — the average distance from the ground to 
the flag leaf of 10 plants recorded to the nearest 0.1 cm; 
(6) Ear height (ERHT) — the average distance from the ground to 
the node of primary ear attachment of 10 plants recorded to 
the nearest 0.1 cm; 
35 
(7) Tillers per plant (TILL) — the total number of secondary 
stalks divided by the number of plants per plot; 
(8) Root lodging (RTLl) — the percentage of plants per plot that 
were Inclined more than 30° from vertical; 
(9) Stalk lodging (STLl and SLT2) — the percentage plants per 
plot that were broken below the primary ear node; 
(10) Dropped ears (DE) — the total number of ears per plot not 
attached to the stalk divided by the number of plants per plot 
multiplied by 100; and 
(11) Rind puncture (RPNCTl and RPNCT2) — the average amount of 
force required to penetrate the rind in the second elongated 
internode of five plants per plot. Measurements were made 
about three weeks before harvest. The rind penetrometer 
utilized a Dillon force gauge. Data were recorded to the 
nearest 0.5 pounds, but later converted to kilograms. 
Ears from all plants per plot were hand harvested at maturity for 
collection of yield data. All ears were forced-air dried to a constant 
•moisture, and ear and yield data were taken as follows: 
(12) Ears per plant (ERNO) — the total number of ears harvested 
divided by the number of plants per plot; 
(13) Kernel weight (KWTl and KWT2) — the weight of a 300 kernel 
sample recorded to the nearest 0.1 g; and 
(14) Grain yield (YLDl and YLD2) — the grain weight per plot 
recorded in grams adjusted for stand. The adjustments were 
made by dividing grain weight by plants per plot and 
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multiplying this by the number of plants in a perfect stand 
(17 in 1981; 23 in 1982). These adjusted plot weights were 
then converted to q/ha. 
Effects of artificial inoculation of stalk rot organisms were 
calculated for each family by taking the difference between adjacent 
inoculated and noninoculated plots for the traits stalk lodging., rind 
puncture, kernel weight, and grain yield. 
Experiment 95 
In this experiment, destructive sampling was used to evaluate root 
pulling resistance and resistance to a mixture of organisms causing 
stalk rot. The same entries that were in Experiment 90 were grown at 
the Ames location in 1981 and 1982. Thus the cultural practices, 
fertilizer rates and experimental units were the same in each of the 
years. However, families were planted in only one row plots. 
As in Experiment 90, ten days after at least 50 percent of the 
plants silked in all plots, seven consecutive plants not including end 
plants were inoculated with a mycelial and spore suspension of 2- maydis, 
G. zeae, and £. gramlnicola. The inoculation procedure and inoculum 
preparation were the same as those described for Experiment 90. 
Data were taken for the following traits: 
(1) Root pull (RTPL) — the average amount of force required to 
vertically extract a root system from the soil of five com­
petitive plants per plot. Measurements were made approximately 
one week before anthesis. Data were recorded to the nearest 
0.5 kg; and 
C2) Stalk fot rating — approximately six weeks after artificial 
inoculation, plants were cut off just below the ear, split 
longitudinally, and rated for the amount of discoloration of 
the pitch tissue. The total number of internodes (up to six) 
showing any discoloration (SRI) and the number of internodes 
(up to six) discolored more than 50% (SR2) were recorded for 
each of five competitive plants per plot. These two scores for 
each plant were added (SRTOT) and plot means rounded to the 
nearest 0.1 Internode were used in all subsequent analyses. 
Experiments 93 and 94 
Experiment 93 was used to evaluate resistance to first generation 
European corn borer. The entries were grown at the Atomic Energy 
Research Farm near Ames, Iowa in 1981 and 1982. 
In both years, experimental units were single hills spaced 76 cm by 
102 cm. Five kernels were hand planted.in each hill and all hills were 
thinned to four plants at the 4-6 leaf stage, which resulted in a final 
plant density of approximately 51,600 plants/ha. Potassium (KgO) and 
phosphorus (PgO^) were fall-applied at a rate of 60 kg/ha, while 
nitrogen (urea) was spring-applied at 120 kg/ha actual N. Standard 
maize cultural practices were used along with hand weeding. 
Beginning the third week of June, all plants/plot were infested in 
the leaf whorls with two egg masses per plant at two day intervals until 
eight masses were applied. The eggs were supplied by Dr. W. D. Guthrie 
Research Laboratory, Ankeny, Iowa. European corn borer leaf feeding was 
evaluated on a per plot basis the second week in July in both years (ECB). 
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A visual rating scale of 1 to 9 was used with 1 being highly resistant 
and 9 being highly susceptible (Penny and Dicke, 1956). 
Experiment 94 was to evaluate resistance to a mixture of leaf blight 
causing organisms. It was also planted at the Atomic Energy Research 
Farm, Ames, Iowa in 1981 and 1982. The plot size and cultural practices 
were the same as described for Experiment 93. 
Plants in each plot were inoculated twice approximately one week 
apart by placing a handful of ground dried leaf tissue into the whorl 
(Hooker, 1954). The dried leaf tissue contained a mixture of spores of 
the organisms H. turcicum, H. maydis, H. carbonum, graminicola, 
Kabatiella zeae, Phyllosticta maydis, and Cercospora zeae-maydis although 
the first four were the major components of the mixture. The ground leaf 
tissue for 1981 inoculations was obtained from Dr. D. G. White of the 
University of Illinois at Urbana-Champaign. Diseased leaves were 
harvested from all plots in 1981 after leaf blight evaluations and 
stored in potato sacks during the winter in an unheated building. In May 
of 1982, the dried leaves were ground with a small portable silage 
chopper. Inoculations in both years were timed so that they nreceded 
predicted heavy dews and periods of high relative humidity or rain 
during the last two weeks in June. 
Approximately two (LBl) and four (LB2) weeks after at least 50% of 
the plants had silked in all plots, the plots were visually scored for 
percentage of leaf area diseased using the following scale: 1, 3, 5, 
10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, and 99%. Averages of 
the two rating dates were used in analyses (LB3). 
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Experiment 96 
Experiment 96 was used to evaluate the difference between hand 
planting and machine planting in 1982 for the traits measured in 
Experiment 95. It consisted of both replications of set 1 from Experi­
ment 95 (machine planted for 1982) in which the experimental units and 
procedures have previously been described. Also included were the set 1 
entries of Experiment 95 in two replications of hand planted plots in 
which the experimental units and procedures were the same as Experiment 
95 in 1981. Root pulling scores and stalk rot evaluations were done in 
the same manner as for Experiment 95. 
Experiments 90 through 95 
Experiments 90 through 95 had the same experimental design and 
entries; therefore, the form of the analysis of variance for individual 
year and location combinations was the same. The analysis of variance, 
pooled over sets (Table 2), was performed using the following linear 
model: 
Statistical Procedures 
?ijk = W + Si + Rj(i) + Gk(i) + e.k(i) 
where : 
1 = 1, 2 12; 
j = 1, 2; 
k = 1, 2 20; and 
Y.., = observed value for the kth genotype in the jth replication 
IJ K 
within the ith set; 
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Table 2. Analysis of variance for individual locations 
Source of variation df* Expected mean squares 
Total sr£-l 
Sets (S) s-1 
Replications/S (r-1)s 
Lines/S (&-l)s 
"l + "u 
Experimental error (r-l)(a-l)s 4 
^s, r, £ = number of sets, replications and lines per set, 
respectively. 
p = overall mean; 
= effect of the ith set; 
R. = effect of the jth replication within the ith set; 
J IIV 
= effect of the kth genotype within the ith set; 
®jk(i) ~ experimental error; 
®k(i) ~ (O.Oq); and e^^^ - NID (0,a^). 
Because of the way in which families were randomly assigned to sets 
in each experiment, and to allow comparisons of the same families in 
different environments (namely the family environment interaction) 
unconfounded with the differences between sets, it was necessary to 
eliminate the effect of sets in the combined analysis. Analysis of 
variance (Table 3) was performed using the following linear model: 
Y^. = p + + G. + e^. 
where : 
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Table 3. Analysis of variance ignoring sets 
Source of variation df^ Expected mean squares 
Total sr&-l 
Replications r-l 
Lines S&-1 2 ^  2 02 + ro^2 






r, Z = number of sets, 
respectively, from Table 2. 
replications. and lines. 
• i = 1, 2; 
j  =  1 ,  2 ,  . 2 0 ;  
and 
= observed value for the jth genotype in the ith replication; 
y = overall mean; 
= effect of the ith replication; 
Gj = effect of the jth genotype; 
e^ = experimental error; 
G. - NID (0,aj); and e,. - NID (0,o^). 
J k 1] 
Comparisons were made between the experimental errors of these two 
analyses. Ratios were calculated using the error mean square of analyses 
of the form of Table 3 as the numerator and error mean square of analyses 
of the form of Table 2 as the denominator for all traits in each location. 
When these ratios were greater than 1.05, measurable environmental 
differences between sets were assumed to exist. In environments for 
traits which had ratios greater than 1.05, adjustments for differences 
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between sets were made on an entry mean basis by taking the difference 
between the set mean and the experiment mean and adding this difference 
to every entry in the set. In environments for traits which had ratios 
less than 1.05, no adjustments for set differences were made. Combined 
analyses partitioned the variation due to lines into the variation among 
lines from each cycle and a comparison of the cycles. The form of an 
analysis of variance for one experiment is presented in Table 4 using 
the following linear model: 
^ijk = W + + (BD)ik •*" ®ijk ' 
where: 
i = 1, 2; 
j = 1. 2; 
k = 1, 2, ..., 20; 
and 
= observed value of the kth genotype in the jth replication 
in the ith year; 
p = overall mean; 
= effect of the ith environment 
Rj = effect of the jth replication in the ith environment; 
= effect of the kth genotype; 
(.EG)ik = effect of the interaction between the ith environment and 
kth genotype; 
= experimental error; 
~ NID (0,0^); 
Table 4. Analysis of variance or covarlance for experiments combined over environments 
Source of variation df* Mean square or mean product Expectation of mean squares 
Environments (E) e-1 
Repllcatlons/E (r-l)e 
Entries c£-l «1 
2 
a + 
2 ^ 2 
"LE + ""l 










BS11(FR)C6 £-1 2 a + 2 + REOGG 



















Experimental error (c£-l)(r-l)e 2 a 




- NID (O.a^). 
Experiments 91 and 92 were combined over years for analysis because 
each year-location combination represented an environment in which the 
same traits were measured. In the analyses of variance for Experiments 
90, 93, 94, 95, and 91 and 92 combined, the line source of variation 
and its components were tested for significance against the corresponding 
environment x lines and environment x component mean squares. The 
environment x lines sources of variation were tested for significance 
against the experimental error. 
Variance components for each of the two cycles were estimated after 
equating mean squares of pertinent sources of variation to their expected 
mean squares. Estimates of components of variance were obtained as 
linear functions of mean squares. ïrom the combined analyses of variance 





e = number of environments at Ames (2) or Martinsburg and Kanawha 
(4); and 
r = number of replications (2). 
45 
Standard errors (S.E.) of the variance component estimates were 
obtained using the following formula (Anderson and Bancroft, 1952): 
1/2 
S.E. CâJ) = 
2 Z [MSk]2 
0= k dfk + 
where : 
MS^ = kth mean square; 
df^ = degrees of freedom for the kth mean square; and 
C = coefficients preceding the variance component estimates in the 
expectation of mean squares. 
To supplement the variance component estimates and to determine the 
relative probabilities of obtaining superior genotypes from the two 
populations (CO and C6), the frequency distributions of the different 
traits were obtained for each population. Graphical representations were 
made for each of the frequency distributions. 
Genetic variance components from different populations were tested 
against each other as described by Steel and Torrie (1960): 
F = larger variance/smaller variance; 
and calculated F values were compared with tabular F using the degree 
of freedom corresponding to the mean squares from which these variances 
were derived. 
Estimates of heritability, based on entry means were calculated 
from variance component estimates. Heritability values for combined 
experiments were calculated according to the following formula: 
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h: - "G 
Z- + *GE + "G 
re — 
where : 
2 Og = genotypic variance for a population; 
2 Ogg = genotype by environment interaction variance; 
2 
a = experimental error; 
r = number of replications; and 
e = number of environments at Ames or Martinsburg and Kanawha 
combined. 
The numerator equals the genotypic variance and the denominator equals 
the phenotypic variance. 
Approximations of the standard errors for heritabilities were 
calculated according to the formula by Dickerson (1969): 
2 S.E. (Op ) 
S.E. (h:) = 




2 S.E. (o„.) = standard error of the genetic variance component (as 
previously described); and 
2 
'GE ' 
2 2 [g + a„„ + a„] = the phenotypic variance of trait i. 
e 
2 
Knapp et al. (1985) demonstrated that heritability estimates (h^) 
are not distributed according to a symmetric distribution. They showed 
that correct measures of precision for estimates of heritability are 
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confidence intervals, not approximate standard errors. The standard 
error method was chosen for simplicity in data display. However, 
caution must be used when interpreting the data using these biased 
estimates of precision. 
Estimates of phenotypic and genotyplc correlations were obtained to 
further examine the relationship between traits of unselected and 
selected populations. Analyses of covariance were computed on all 
traits measured in all environments. Because the analysis of variance 
is a specialized analysis of covariance, the form of the analysis of 
covariance (i.e., sources of variation, degrees of freedom, and expecta­
tion of mean cross products) is analagous to that of an analysis of 
variance (Tables 2, 3, or 4). Estimates of components of covariance were 
obtained as linear functions of mean cross products (Mode and Robinson, 
1959). -
Phenotypic correlations between all pairs of traits, 1 and j, were 
determined for each experiment combined over environments with the 
following formula: 
= °PlP.i 
" (Opi 7 Op.) 
where: 
^PlPj ~ phenotypic covariance between traits 1 and j; and 
and Opj = phenotypic standard deviations of traits 1 and j, 
respectively. 
Genotyplc correlations between all pairs of traits, 1 and j, were 
determined for each trait combined over environments using the following 
formula (Mode and Robinson, 1959): 
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*G1G1 
Glj (Ggi . Og.) 
where : 
a _ .  =  g e n o t y p l c  c o v a r i a n c e  b e t w e e n  t r a i t s  i  a n d  j ;  a n d  CJICJJ 
a_. and a„. = genotyplc standard deviations of traits 1 and j, 
respectively. 
Since environmental effects were considered random, the expectation 
of the correlations between the environmental effects for years and 
locations is zero. Covarlances between genotypes at one location and 
environmental effects at another (and vice versa) would also be expected 
to be zero. So covarlances between phenotypes at one location and 
phenotypes at another location have the same expectation as the 
genotyplc covarlances. Genotyplc correlations between traits measured 
in one experiment and traits measured in another can be estimated as 
follows: 
(*G1 • *Gj) 
where: 
r^ = genotyplc correlation; 
= the simple correlation between traits 1 and j; and 
and a„. = estimates of genotyplc standard deviations for traits 
ti Gj 
1 and j measured in separate experiments, 
respectively. 
Phenotyplc and genotyplc covarlances among traits measured in 
separate experiments were calculated using entry mean across all 
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environments. These correlations were tested for significance using 
the following formula: 
[(l-r2)/Cn-2)]l/2 
where : 
n = number of entries for each pair of traits. Calculated t was 
compared with tabular t values with n—2 degrees of freedom. 
Experiment 96 
Experiment 96 was designed to investigate differences in planting 
methods. To facilitate comparison of interest, analyses of variance 
(Table 5) were done on each planting method separately. Within each 
planting method, the following linear model was used: 
Yy = u + Ri + G. + e^. ; 
where : 
1 = 1. 2; 
j = 1, 2. 20; 
and 
Yy = observed value of the ith genotype in the jth replication; 
p = overall mean; 
R^ = effect of the jth genotype; 
Gj = effect of the jth genotype; 
e^j = experimental error; 
G. - NID (0,o^); and 
J " 
e^j - NID (O.o^). 
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Table 5. Analysis of variance for Experiment 96 
Source of variation df Mean square Expected mean squares 
Total 39 
Replications 1 
Lines 19 Mg + 2a^ 
2 Experimental error 19 a 
Variance components for each of the two planting methods were 
estimated after equating mean squares of pertinent sources of variation 
to their expected mean squares. Estimates of components of variation 
were obtained as linear functions of mean squares. The variance 
components were estimated as follows: 
and 
$1 = 
<^Li " - ^ l) ' 
2 Comparisons were made between the experimental error (a^). variance 
2 
among lines , and the F ratio of Mg/M^ to determine if the planting 
methods differed in their ability to discriminate among lines. 
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RESULTS 
Variation among unselected S^  lines of BSllCO and BS11(FR)C6 and 
their interactions with environments were either significant (P < 0.05) 
or highly significant (P < 0.01) for most traits (Tables 6 through 11). 
Three of the four traits for which there was not significant variation 
among entries were those associated with effects due to differences 
between stalk rot inoculated and noninoculated plots in Ames in 1981 and 
1982. Stalk lodging was the only trait measured in which artificial 
inoculation of stalk rot had a significant effect. Although the entry x 
environment interaction term was significant or highly significant for 
30 of 34 traits measured, individual experiment analyses are not 
presented here. Environments were considered random and the interpreta­
tion of the results is most meaningful when evaluating overall 
performance. 
Variation among entries was partitioned into the variation within 
each of the two populations and into a comparison of the original versus 
the selected population. This comparison tests the significance of the 
changes in the selected population after six cycles of recurrent 
selection. Similar partitions of the variation were made for the entry 
X environment interaction terms. 
Highly significant differences among entries for MYLD in Experiments 
91 and 92 were observed in the combined analysis of variance (Table 6). 
The CO versus C6 comparison was significant and the Interaction of this 
comparison with environments was highly significant. This indicates 
Table 6. Analysis of variance, means and coefficients of variation (C.V.) for five traits 
measured in Kanawha and Martinsburg in 1981 and 1982 
Mean squares 
source or 
variation df^  MYLD MST RTL STL DE 
Environments (E) 3 43685.59** 3276.50** 22224.35** 49934.39** 45.08** 
Replications/E 4 718.80** 89.94** 88.21 125.46 5.04* 
Entries 238 550.84** 52.48** 322.06** 394.86 2.78** 
CO vs. C6 1 27011.44* 3157.24* 9529.72 4336.83 15.14 
CO lines 118 417.67** 55.84** 440.12** 450.13 3.95** 
C6 lines 119 460.54** 23.05** 127.62** 306.63 1.51** 
E X Entries 714 115.02** 6.98** 187.45** 359.23** 1.53 
E X CO vs. C6 3 2492.67** 220.71** 8105.00** 2590.05** 8.50** 
E X CO lines 354 101.60** 7.78** 246.44** 414.44** 1.95** 
E X C6 lines 357 108.33** 4.40* 62.43** 285.74** 1.06 
Error (pooled) 56.19 3.63 42.24 96.26 1.43 
(952)* (953) (954) (954) (954) 
Standard error 7.50 1.91 6.50 9.81 1.20 
Mean 41.08 22.80 5.98 23.39 0.52 
C.V. (%) 18.3 8.4 108.7 41.9 230.8 
^Degrees of freedom accompany their respective mean squares. 
*,**Significant at 5% and 1% probability levels, respectively. 
Table 7. Analysis of variance, means and coefficients of variation (C.V.) for six yield traits 
measured in Ames in 1981 and 1982 
Source of Mean squares 
variation df^ YLDl YLD2 YLDLS KWTl KWT2 KWTLS 
Environments (E) 1 716.79** 6043.19** 2597.43** 4.93 3451.77** 3717.63** 
Replications/E 2 65.45 403.38**- 345.31* 385.12* 26.62 585.69* 
Entries 238 291.03** 306.17** 122.08 402.69** 354.39** 117.76 
CO vs. C6 1 13685.42** 15922.09** 84.60 1.21 337.47** 379.12 
CO lines 118 255.00** 257.33** 142.63 420,02** 343.68** 126.19 
C6 lines 119 214,19** 223.38** 102.02 388.88** 365.16** 107.21 
E X Entries 238 96.87** 99.61** 119.87** 116.40* 52.79** 128.15 
E X CO vs. C6 1 1.67 197.59 162.91 6.97 4.16 21.89 
E X CO lines 118 104,00** 124,36** 116.04* 139.06** 50.98** 157.79** 
E X C6 lines 119 90,60** 74.25 123.30** 94.85 55.00** 99.65 
Error (pooled) 49.33 60.87 90.20 98.89 27.79 119.20 
(477)* (477) (476) (478) (478) (478) 
Standard error 7.02 7,80 9.50 9.95 5.27 10.92 
Mean 56.24 54.36 1.88 67.77 65.86 1.91 
C.V. (%) 12.1 14.3 505.3 14.7 8.0 571.6 
^Degrees of freedom accompany their respective mean squares. 
*,**Significant at 5% and 1% probability levels, respectively. 
Table 8. Analysis of variance, means and coefficients of variation (C.V.) for six stalk quality 
traits measured in Ames in 1981 and 1982 
Duuirce oj. 
variation df^  STLl STL2 STLD RPNCTl RPNCT2 RPNCTD 
Environments (E) 1 338, .42 11710. 72** 16030. ,69** 1075. ,38** 532. ,49** 94, .43** 
Replicatlons/E 2 1915, ,42** 3129. ,34** 167, .65 8. ,53** 0. ,93 3, .05** 
Entries 238 635, .97** 922. ,58** 246. ,85** 3. ,32** 3. ,21** 0, .98 
CO vs. C6 1 9120, .66 23966. ,17 3517. ,43** 80. ,91** 42. ,04** 6, .3** 
CO lines 118 819. ,77** 1083. ,62** 249. 79 3. ,21** 3. ,26** 1. ,15 
C6 lines 119 382. 42** 569. ,24** 216. ,46* 2. ,77** 2. ,83** 0. ,78 
E X Entries 238 221. ,01** 291. ,02** 198. ,73 1. 03** 1. ,17** 0. 96 
E X CO vs. C6 1 4354. 84** 7190. 11** 353. 56 1. ,83 1. 20 0. 07 
E X CO lines 118 238. ,80** 313. 55** 239. ,78* 0. ,91** 1. ,25** 1, .15** 
E X C6 lines 119 168, ,63** 210. ,70** 156. ,72 1. ,14** 1, ,10** 0, .77 
Error (pooled) 478 112. ,94 150. 13 183. ,68 0. 67 0. ,70 0, ,86 
Standard error 10. ,63 12. 25 13. 55 0. ,82 0. ,84 0. ,93 
Mean 18. 80 23. 59 4. 79 4. ,05 3. ,52 0. ,54 
C.V. (%) 56. 5 51. ,9 282. 9 20. 2 23. ,8 171. ,7 
Degrees of freedom accompany their respective mean squares. 
*,**Significant at 5% and 1% probability levels, respectively. 
Table 9. Analysis of variance, means and coefficients of variation (C.V.) for six agronomic 
traits measured in Ames in 1981 and 1982 
„  ^ Mean squares Source of — — 
variation df^  ERNO DEI PLHT ERHT TILL RTLl 
Environments (E) 1 13. 130** 91. 13** 24558. 47** 1369. 93** 1. 345** 25777. 80** 
Repllcatlons/E 2 0. 054* 0. 73 922. 47** 368. 28** 0. 049** 713. 08** 
Entries 238 0. 333** 8. 22** 1083. 82** 622. 27** 0. 047** 824. 62** 
CO vs. C6 1 41. 931 108. 32 13276. 97 9394. 87 0. 340 39141. 95 
CO lines 118 0. 151** 12. 41** 1250. 96** 701. 48** 0. 067** 1006. 77** 
C6 lines 119 0. 164** 3. 23 815. 62** 470. 00** 0. 024** 322. 01** 
E X Entries 238 0. 219** 5. 39** 223. 58** 134. 47** Ô. 013** 324. 83** 
E X CO vs. C6 1 0. 353** 21. 25** 4076. 40** 1894. 26** 0. 036** 11469. 29** 
E X CO lines 118 0. 023** 8. 10** 266. 51** 166. 93** 0. 016** 414. 73** 
E X C6 lines 119 0. 018 2. 56 148. 64** 87. 50** 0. 010** 142. 04 
Error (pooled) 478 0. 015 3. 34 80. 86 39. 95 0. 005 120. 17 
Standard error 0. 122 1. 83 8. 99 6. 32 0. 071 10. 96 
Mean 1. 35 1. 02 208. 62 113. 22 0. 11 12. 49 
C.V. (%) 9. 1 179. 2 4. 3 5. 6 64. 5 87. 8 
^Degrees of freedom accompany their respective mean squares. 
*,**Slgnlfleant at 5% and 1% probability levels, respectively. 
Table 10. Analysis of variance, means and coefficients of variation (C.V.) for seven traits 
measured in Ames in 1981 and 1982 
Source of Mean squares 
variation df^ PS SD PSINT RTPL SRI SR2 SRTOT 
Environments (E) 1 98.57** 62.19* 321.47** 228310.84** 1435.82** 981.37** 4791.27** 
Replications/E 2 61.52** 48.73** 3.04 816.56 0.46 0.02 0.49 
Entries 238 18.34** 23.29** 6.82** 1029.03** 1.76** 1.69** 6.61** 
CO vs. C6 1 90.05 478.00 150.29 16516.67 31.94** 37.33** 138.33** 
CO lines 118 20.61** 25.45** 7.05** 1102.87** 1.90* 1.87 7.24* 
C6 lines 119 15.48** 17.33** 5.38** 825.67* 1.37* 1.21** 4.88* 
E X Entries 238 10.07** 13.13** 4.13** 625.73** 1.14** 1.15** 4.29** 
E X CO vs. C6 1 104.64** 347.45** 67.52** 12214.81** 0.02 1.73 2.13 
E X CO lines 118 11.66** 14.96** 4.50** 575.67** 1.29** 1.44** 5.14** 
E X C6 lines 119 7.69** 8.50** 3.23 577.98** 1.00** 0.86 3.47** 
Error (pooled) 4.02 4.81 2.90 305.21 0.62 0.64 2.28 
(478)* (477) (477) (478) (476) (476) (476) 
Standard error 2.00 2.19 1.70 17.47 0.79 0.8 1.51 
Mean 26.60 28.71 2.11 122.14 3.08 2.08 5.16 
C.V. (%) 7.5 7.6 80.7 14.3 25.6 38.3 29.3 
^Degrees of freedom accompany their respective mean squares. 
*,**Significant at 5% and 1% probability levels, respectively. 
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Table 11. Analysis of variance, means and coefficients of variation 
(C.V.) for four pest traits measured at the Atomic Energy 
Farm in 1981 and 1982 
Mean squares 
source or 
variation df^  ECB LBl LB2 LB 3 
Environments (E) 1 431.13** 5250.76** 30603.90** 40821.14** 
Replications/E 2 8.94* 95.32* 53.36 50.32 
Entries 238 4.47* 102.10** 180.00** 113.37** 
CO vs. C6 1 0.26 226.03 6398.51 2257.44 
CO lines 118 4.53* 111.04** 155.63** 110.50** 
C6 lines 119 4.44 92.19* 151.90* 98.20** 
E X Entries 238 3.46** 75.95** 105.84** 69.05** 
E X CO vs. C6 1 4.38 2556.61** 1327.12** 1891.93** 
E X CO lines 118 3.32** 69.26** 101.02** 64.72** 
E X C6 lines 119 3.59** 61.73** 100.36** 58.03** 
Error (pooled) 2.46 27.33 51.69 26.12 
(471)* (472) (472) (472) 
Standard error 1.57 5.23 7.19 5.11 
Mean 5.07 28.04 43.94 35.99 
C.V. (%) 31.0 18.7 16.4 14.2 
D^egrees of freedom accompany their respective mean squares. 
*,**Significant at 5% and 1% probability levels, respectively. 
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that differences between means of populations and differences among 
lines within populations varied with the environments in which they were 
tested. Similarly, hand harvested yields in the absence and presence of 
artificially inoculated stalk rot (YLDl and YLD, respectively) were also 
significantly changed through selection (Table 7). However, genotype x 
environment interactions were much smaller in magnitude and the environ­
ment X CO versus C6 interactions were nonsignificant, indicating that the 
relative difference between populations were consistent in different 
environments. 
Highly significant differences among lines of each population 
were evident for all yield traits except those measuring the difference 
between noninoculated and inoculated plots (YLDLS, Tables 6 and 7). 
2 
Estimates of genetic variability (a , Tables 12 and 13) indicated 
that changes In variability associated with selection for these traits 
were inconsistent and nonsignificant. The genotype by environment compo­
nents were consistently significant for all traits and were approximately 
one-half to two-thirds the magnitude of the genotyplc variance. Reduc­
tions of the interaction components in BS11(FR)C6 were significant only 
for YLD2, whereas the estimates failed to show consistent, significant 
changes for MYLD and YLDl. 
Reciprocal full-sib selection has Increased the mean line per­
formance in BSll. Lines from C6 yielded 7.51 q/ha (20%) greater than 
lines from CO when mechanically harvested (Table 12). In addition, C6 
lines yielded 7.56 q/ha (14%) and 8.16 q/ha (16%), respectively, greater 
than CO when hand harvested under noninoculated and inoculated regimes, 
respectively (Table 13). 
Table 12. Population means, estimates of variance components, and estimates of heritability for 
five traits measured in experiments conducted at Kanawha and Martinsburg in 1981 and 
1982 
2 2 2 
Trait Population Mean OQ h 
MYLD BSllCO 37.31 39.51 6.81 22.71 + 4.02 0.76 ± 0.13 
BS11(FR)C6 44.82 42.78 ± 7.47 26.07 ± 4.24 0.76 ± 0.13 
MST BSllCO 24.63 6.01 ± 0.90** 2.08 ± 0.30** 0.86 •± 0.13 
BS11(FR)C6 20.99 2.33 ± 0.37 0.39 ± 0.18 0.81 ± 0.13 
RTL BSllCO 9.15 24.21 ± 7.47** 102.10 + 9.29** 0.44 + 0.17 
BSll(FR)C6 2.83 8.15 + 2.13 10.10 ± 2.52 0.51 + 0.13 
STL BSllCO 25.53 4.50 ± 8.24** 159.09 + 15.69** 0.08 + 0.10 
BS11(FR)C6 21.27 2.61 ± 5.60 94.74 + 10.89 0.07 ± 0.15 
DE BSllCO 0.64 0.25 ± 0.66** 0.26 + 0.08 0.51 + 0.13 
BS11(FR)C6 0.39 0.06 ± 0.03 -0.19 + 0.05 0.25 ± 0.06 
^^ Significant difference between Cycle 0 and Cycle 6 at the 1% probability level. 
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Table 13. Population means, estimates of variance components, and 
estimates of heritability for traits measured in experiments 
conducted at Ames in 1981 and 1982 
2 2 2 Trait Population Mean o h 
G CJË 
YLDl BSllCO 52. 44 37. 75 ± 8. 89 27. 34 ± 6. 90 0.59 + 0. 14 
BS11(FR)C6 60. 00 27. 55 ± 7. 47 20. 64 ± 6. 04 0.55 + 0. 15 
YLD2 BSllCO 50. 26 33. 24 ± 9. 22 31. 75 ± 8. 26** 0.52 + 0. 14 
BS11(FR)C6 58. 42 37. 28 ± 7. 57 6. 69 + 5. 16 0.67 + 0. 14 
YLDLS BSllCO 2. 18 6. 65 ± 5. 93 12. 92 ± 8. 04 0.19 ± 0. 17 
BS11(FR)C6 1. 58 -5. 32 ± 5. 14 16. 55 ± 8. 45 — a 
KWTl BSllCO 67. 81 70. 24 ± 14. 28 20. 09 ± 9. 53 0.67 ± 0. 14 
BSll(FR)C6 67. 73 72. 50 ± 12. 60 -2. 02 ± 6. 88 0.75 ± 0. 13 
KWT2 BSllCO 65. 27 73. 18 ± 11. 21 11. 60 ± 3. 41 0.69 + 0. 11 
BS11(FR)C6 66. 45 77. 54 ± 11. 87 13. 61 ± 3. 65 0.69 ± 0. 11 
KWTLS BSllCO 2. 54 -7. 90 ± 6. 52 19. 30 + 10. 89 — 
BS11(FR)C6 1. 28 1. 89 ± 4. 70 -9. 80 ± 7. 47 0.06 ± 0. 15 
â 2 6 
Due to negative estimates of h was not calculated. 




Based on variance component estimates, h for MYLD, YLDl, and YLD2 
exceeded 0.50 for both populations (Tables 12 and 13). Heritabilities 
were greater for MYLD, which involved more extensive testing, and were 
approximately the same for both cycles for MYLD and YLDl. 
Yield components were measured in Experiment 90. Number of ears 
per plant (ERNO) Increased from 1.14 in CO to 1.56 in C6, but this change 
was not significant (Table 9). Interactions with environment mean 
squares were significant for the CO and CO versus C6, but not for C6. 
Significant differences among lines existed within each cycle. Estimates 
2 
of ag were significantly different from zero for each cycle (Table 14) 
and were at least eight times larger than their respective estimates of 
2 
Ggg. Reductions in genetic variance were not observed, but selection 
2 did reduce the magnitude of 0^^ approximately 60%. 
The two measures of 300 kernel weight were similar to ERNO. Kernel 
weight in the absence of artifically induced stalk rot (KWTl) did not 
differ between the original and selected populations, unlike KWT2, the 
inoculated counterpart to KWTl, which exhibited significant differences 
between cycles (Table 7). However, the change in responsiveness to 
stalk rot represents 1.18 grams/300 kernels (1.8%) and is too small to 
be considered of practical importance. Kernel weight loss to stalk rot 
(KWTLS) had insignificant differences among entries (Table 7). In 
general, KWTl and KWT2 variances followed the trends of ERNO. 
Heritabilities of ERNO were higher than yield traits (Table 14) but 
2 kernel weight traits had slightly lower estimates for h (Table 13). 
Table 14. Population means, estimates of variance components, and estimates of heritability for 
six traits measured in experiments conducted at Ames in 1981 and 1982 






0.032 ± 0.0049 
0.037 ± 0.0053 
0.0040 ± 0.0016** 
0.0015 ± 0.0013 
0.89 ± 0.12 
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1.08 ± 0.48 





0.35 ± 0.15 













0.77 ± 0.13 









63.49 ± 10.85** 
23.78 ± 5.77 
0.76 ± 0.13 





0.0128 ± 0.0022** 
0,0035 ± 0.0008 
0.0055 ± 0.0007** 
0.0025 ± 0.0010 
0.76 ± 0.13 
0.58 ± 0.14 
RTLl BSllCO 18.91 148.01 ± 35.14** 
BS11(FR)C6 6.11 76.99 ± 11,31 
147,28 ± 27,05** 
10,94 ± 9,92 
0.59 ± 0,14 
0.68 ± 0.10 
*,**Significant difference between Cycle 0 and Cycle 6 at the 5% and 1% probability levels, 
respectively. 
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Stalk lodging, whether measured in Experiments 91 or 92 CSTL) or 
Experiment 90 in the absence and presence of stalk rot pathogen inocu­
lations CSTLl and STL2, respectively), was insignificant between CO and 
and C6 (Tables 6 and 8). Again, as with yield traits, all environment 
X comparison interactions were highly significant. The magnitudes of 
these interactions account for the failure to detect differences between 
cycles. The environments sampled in Experiments 91 and 92 represented 
extremes in stalk lodging of from 16.9% in Kanawha in 1981 to 38.6% in 
Martinsburg in 1982. Despite the lack of significant differences between 
cycles for stalk lodging, there was a significant difference between the 
original and improved populations in the way lines responded to 
artificial inoculations of stalk rot pathogens (STLD, Table 8). The 
Cycle 6 lines had significantly lower increases in stalk lodging due to 
inoculation by stalk rot pathogens when compared to their noninoculated 
2 
counterparts than did the CO. In Ames, experimental estimates of for 
2 STLl and STL2 were significant and exceeded their estimates of by two 
2 
to three times. Because of the large estimates of Experiments 91 and 
92 failed to detect genetic variances different from zero (Table 12). For 
cases in which the variance components were significantly different from 
2 2 
zero, significant reductions of o and a„- occurred from CO to C6 (Tables (j Lrh 
12 and 15). Heritability estimates were higher for traits less exten-
2 2 » 
sively tested (STLl and STL2) while h and/or estimates were higher 
under inoculated regimes. 
Although the differences between cycles were not significantly 
different for stalk lodging per se, other measurements of stalk quality 
Table 15. Population means, estimates of variance components, and estimates of heritability for 
six traits measured in experiments conducted at Ames in 1981 and 1982 
2 2 2 
Trait Population Mean Og h 
STLl BSllCO 21.90 145.24 ± 27.56** 62.93 + 15.84** 0.71 ± 0.13 
BS11(FR)C6 15.72 53.45 ± 13.43 27.85 + 11.44 0.56 ± 0.14 
STL2 BSllCO 28.62 192.52 ± 36.41** 81.71 + 22.44** 0.71 ± 0.13 
BS11(FR)C6 18.61 89.64 + 19.51 30.29 ± 16.65 0.63 ± 0.14 
STLD BSllCO 6.72 2.50 + 11.18 28.05 ± 16.57 0.04 ± 0.18 
BS11(FR)C6 2.89 14.94 ± 8.59 -13.48 ± 11.69 0.24 ± 0.14 
RPNCTl BSllCO 4.34 0.58 + 0.11* 0.12 + 0.06** 0.72 ± 0.13 
BS11(FR)C6 3.76 0.41 + 0.10 0.24 + 0.08 0.59 ± 0.14 
RPNCT2 BSllCO 3.72 0.50 + 0.11 0.28 ± 0.08* 0.62 ± 0.14 
BS11(FR)C6 3.30 0.43 ± 0.10 0.20 ± 0.07 0.61 + 0.14 
RPNCTD BSllCO 0.62 -0.002 ± 0.05 0.15 ± 0.08 — a 
BS11(FR)C6 0.46 0.001 + 0.04 -0.05 + 0.06 — 
H 2 2 Due to negative estimates of a^ , h was not calculated. 
*,**Significant difference between Cycle 0 and Cycle 6 at the 5% and 1% probability levels, 
respectively. 
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showed markedly different results. Rind puncture values measured in the 
absence and presence of artificial inoculations of stalk rot pathogens 
(RPNCTl and RPNCT2, respectively) were significantly higher for CO than 
C6 (Table 8). However, these decreases of 0.58 kg (13%) and 0.42 kg 
(11%), respectively, in RPNCTl and RPNCT2 (Table 15) from CO to C6 were 
unexpected considering the decrease in stalk lodging observed from CO to 
C6 (although not significant). Genotype x environment interactions were 
relatively less important in rind puncture than for stalk lodging as 
exhibited by the magnitude of variance components (Table 15) in which 
2 
estimates of were usually less than half of their respective estimates 
2 
of Qg. Significant genotypic variability was present in both populations 
for RPNCTl and RPNCT2. In addition, there was only one significant 
2 
reduction in genetic variance (RPNCTl) while no reductions in were 
observed for either of the rind puncture traits (Table 15). Heritability 
estimates for rind puncture ranged between 0.59 and 0.72, which are 
similar to stalk lodging heritabilities measured in the same experiments. 
Variation among entries was insignificant for RPNCTD, the difference 
between RPNCTl and RPNCT2 due to stalk rot. 
Highly significant differences were observed between the original 
and improved populations for all stalk rot measurements (number of inter-
nodes discolored, number of internodes discolored > 50%, and the sum of 
these two: SRI, SR2, and SRTOT, respectively, Table 10). Although 
genotype x environment interactions were significant within cycles, the 
environment x CO versus C6 comparison was not significant, indicating 
that differences between cycles were consistent across environments. 
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The decrease in SRTOT was 0.77 (14%) from CO to C6 (Table 16). Similar 
results were observed for the other two stalk rot ratings. Estimates of 
2 2 
Ogg exceeded estimates of Og for each of the stalk rot traits. As a 
result, genetic variances were not significantly different from zero. 
As with stalk lodging, sampling extremes in environments for stalk rot 
development (2.92 and 7.40 for SRTOT in Ames in 1981 and 1982, 
respectively) contributed greatly to the magnitude of these interaction 
2 
variance component estimates. Reductions in estimates of o from CO to 
G 
2 
C6 were nonsignificant, but reductions in estimates of were consis­
tently highly significant (Table 16), declining 50% or more. Only one 
2 
estimate of h exceeded 0.30. for the three stalk rot traits measured. 
Highly significant differences among entries for root lodging (RTL 
and RTLl in Experiments 91 and 92 and Experiment 90, respectively) and 
root pulling resistance (RTPL in Experiment 95) were observed in the 
combined analysis of variance (Tables 6, 9, and 10). Differences 
between CO and C6 were not significant for any of these traits. Highly 
significant differences among S^ lines of each cycle were evident for 
the three root traits (Tables 6, 9, and 10). Lines from both cycles 
interacted significantly with environments for RTLl. Significant 
genotypic variability was present in both populations for RTL and RTLl 
(Tables 12 and 14). A significant decrease in variability for both RTL 
and RTLl resulted from RFS. For all three traits, the advanced cycle had 
half or less of the variability of the original population. Significant 
2 positive a was consistently detected only in the original population, 
2 2 but comparisons between and for both cycles failed to show 
Table 16. Population means, estimates of variance components, and estimates of heritability for 
seven traits measured in experiments conducted at Ames in 1981 and 1982 
2 2 2 
Trait Population Mean 0^ h 
PS BSllCO 26.91 2.24 ± 0.76 3.82 ± 0.76** 0.43 ± 0.15 
BS11(FR)C6 26.30 1.95 ± 0.56 1.84 ± 0.51 0.50 ± 0.14 
SD BSllCO 29.42 2.62 ± 0.95 5.08 ± 0.98** 0.41 ± 0.15 
BS11(FR)C6 28.01 2.21 ± 0,62 1.85 ± 0.57 0.51 ± 0.14 
PSINT BSllCO 2.51 0.64 ± 0.31 0.80 ± 0.27** 0.36 ± 0.15 
BS11(FR)C6 1.71 0.54 ± 0.23 0.17 ± 0.20 0.40 ± 0.15 
RTPL BSllCO 117.97 131.80 ± 40.15** 135.23 ± 38.44 0.48 ± 0.15 
BS11(FR)C6 126.28 61.92 + 32.39 136.39 ± 38.43 0.30 ± 0.16 
SRI BSllCO 3.27 0.15 ± 0,074 0.36 ± 0.086** 0.32 ± 0.15 
BS11(FR)C6 2.90 0.09 + 0.054 0.19 + 0.067 0.27 ± 0.16 
SR2 BSllCO 2.28 0.11 + 0.076 0.40 ± 0.095** 0.23 ± 0.16 
BS11(FR)C6 1.88 0.09 + 0.048 0.11 ± 0.059 0.29 ± 0.16 
SRTOT BSllCO 5.55 0.53 + 0.29 1.43 + 0.25** 0.29 + 0.16 
BS11(FR)C6 4.78 0.35 ± 0.19 0.60 + 0.23 0.29 ± 0.16 
**Signlficant difference between Cycle 0 and Cycle 6 at the 1% probability level. 
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2 
consistent trends. However, estimates of declined approximately 90% 
for root lodging traits as a result of selection, but remained unchanged 
2 for RTPL. Based on variance component estimates, h estimates for RTL 
and RTLl exceeded 0.40 for both populations (Tables 12 and 14). 
Heritabllltles were greater for RTLl despite one half as much, testing 
2 being done relative to RTL. In addition, h estimates were greater in 
2 C6 than CO for both root lodging traits. Even though decreased 
2 
significantly in C6, the relatively greater reduction in o more than 
compensated for the reduction in genetic variance of the advanced cycle. 
2 Root pulling had lower h estimates than root lodging (Table 16), ranging 
2 2 from 0.30 in C6 to 0.48 in CO. For both cycles, was greater than 
2 
contributing to these low h estimates. 
Highly significant differences among entries for grain moisture 
(MST) were observed in the combined analysis of variance (Table 6). The. 
CO versus C6 comparison was significant. Interactions with environments 
were significant Indicating that differences between means of populations 
and differences between lines within populations varied with the 
environments in which they were tested. 
2 
Estimates of for both cycles were significantly different from 
zero (Table 12) even though the reduction from CO to C6 was highly 
significant and resulted in a 61% loss in genetic variability. Similarly, 
2 
estimates of a were different from zero and the reduction from CO to C6 
accounted for an 81% loss in genotype x environment Interaction. 




Selection has decreased the mean grain moisture In BSll from 24.6 In 
CO to 21.0% in C6, corresponding to a 15% reduction. Based on variance 
2 
component estimates, h for MST exceeded 0.80 for both populations, 
indicating that further progress may be made in reducing grain moisture. 
Reciprocal full-sib selection has failed to significantly change the 
time of flowering for BSll. The combined analysis revealed that, although 
the cycles were not significantly different, all interactions with 
environments were highly significant (Table 10) for days after June 30 
to 50% pollen shed (PS) and 50% silk emergence (SD). Similar responses 
were observed for pollen to silk Interval (PSINT), except that C6 lines 
did not significantly interact with environments. Genetic variances for 
all three traits were significantly different from zero (Table 16). The 
2 
estimates of for all three flowering traits exceeded their 
2 
respective estimates of a„ in the original cycle, whereas in the C6, 
this relationship was reversed. Although genetic variances and genotype 
X environment Interaction variances decreased from CO to C6, the changes 
2 
were highly significant only for a „. Herltabllities for all flowering 
traits were between 0.35 and 0.52. Cycle 6 lines had consistently 
greater herltabllities for these flowering traits than did Cycle 0 lines. 
Vegetative plant traits showed responses very similar to flowering 
traits. Differences between the original and improved populations were 
not significant for plant height (PLHT), ear height (ÈRHT) or tillers 
per plant (TILL) (Table 9). As before, all interaction with environment 
mean squares were highly significant. Genetic variances and genotype x 
environment interaction variances were all significantly different from 
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2 
zero (Table 14). Unlike flowering traits, estimates of a were less 
GJb 
2 than half of their respective estimates of Genetic variances failed 
to decrease significantly from CO to C6, but significant decreases In 
2 
Ggg were observed for all three vegetative traits. All heritabilltles 
except one (TILL for C6) exceeded 0.75. 
Dropped ears (DE and DEI) were evaluated in two Independent analyses 
(Experiments 91 and 92, Table 6; Experiment 90, Table 9). In both cases, 
there were highly significant differences among entries and the dif­
ferences between cycles were not significant. Other comparisons lacked 
consistent significant differences. Genetic variances were consistently 
2 
significant only for CO (Tables 12 and 14) even though was greater 
2 2 
than Og in each case. Cycle 6 lines had negative estimates of in 
both analyses. Heritabilltles were twice as great in CO compared to C6 
and increased with more testing as shown in Experiments 91 and 92. 
Resistance to European corn borer (ECB) and the major leaf diseases 
(LBl, LB2, and LB3) has not been changed significantly through RFS 
(Table 11). Although nonsignificant, minor changes are in the direction 
of increased susceptibility. Lines from both cycles interacted 
significantly with environments for both insect and leaf blight traits. 
Other interaction mean squares were consistent for the three leaf blight 
traits whereas reactions to the European corn borer failed to show 
consistency for these same interaction terms. Genetic variances and 
genotype x environment interaction variances failed to change slgnifi-
2 2 
cantly through six cycles of RFS. For all four traits, exceeded 
2 by at least 50% (Table 17). These relatively large estimates of 
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Table 17. Population means, estimates of variance components, and 
estimates of heritability for four traits measured in 
experiments conducted at the Atomic Energy Farm in 1981 
and 1982 
2 2 2 
Trait Population Mean Og h 
ECB BSllCO 5. 05 0.30 ± 0. 21 0.43 ± 0. 23 0.27 ± 0.19 
BS11(FR)C6 5. 09 0.21 + 0. 18 0.57 ± 0. 24 0.19 + 0.17 
LBl BSllCO 27. 55 10.45 ± 4. 22* 20.98 ± 4. 56 0.38 ± 0.15 
BS11(FR)C6 28. 52 7.62 ± 3. 57 17.20 ± 4. 07 0.33 ± 0.15 
LB2 BSllCO 41. 34 13.65 ± 5. 99 24.67 ± 6. 73 0.35 ± 0.15 
BS11(FR)C6 46. 51 12.89 ± 5. 85 24.36 ± 6. 67 0.34 + 0.15 
LB3 BSllCO 34. 45 11.45 ± 4. 13 19.30 ± 4. 26 0.41 + 0.15 
BS11(FR)C6 37. 52 10.43 ± 3. 67 15.96 + 3. 83 0.41 + 0.15 
^Significant difference between Cycle 0 and Cycle 6 at the 5% 
probability level. 
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contributed to the low herltablllties, none of which exceeded 0.42. 
Phenotypic (r^ ) correlations were determined among all traits 
measured across locations and years. Genotypic (r^ ) correlations were 
computed from variance and covariance components. Since the genotypic 
correlations closely approximated their respective phenotypic correlation, 
were consistently greater in magnitude in the same direction (i.e., 
positive or negative), and in some cases exceeded 1.00, they were not 
reported. Traits measuring similar concepts were grouped first for 
2 
comparison. Traits which had negative estimates of were not included 
in these conceptual groups. Representative traits from each of these 
conceptual groups were then correlated and compared. Criteria for 
choosing traits to represent each group were heritabillty, estimates of 
2 
Og, and magnitudes of phenotypic correlations with other traits in its 
conceptual group. 
Ninety-one phenotypic correlation coefficients are presented in 
Table 18 among a selected group of traits. Thirteen of these correlation 
coefficients were changed significantly after six cycles of selection in 
BSll. Six significant changes in correlation coefficients were associated 
with ERNO. Although ERNO was not changed significantly through 
selection, its relationship with other traits was affected. Four 
significant changes in correlation coefficients were associated with MST. 
MST was changed significantly through selection in terms of its mean, 
genetic variance, and genotype x environment interaction. Three signifi­
cant changes in correlation coefficients were observed for SRTOT. SRTOT 
was reduced significantly through selection. Several other traits had 
Table 18. Phenotyplc correlations among yield, stalk, maturity, root, 
and pest resistance traits of BSll measured in experiments 
conducted at Kanawha, Martinsburg, Ames, and Atomic Energy 
Farm in 1981 and 1982 
Trait 
YLD2 ERNO 






























*,**Significantly different from 0.00 at 0.05 and 0.01 probability 
levels, respectively, 
^Significant difference between CO and C6 at the 0.C5 level of 
probability. 
74 
RPNCT2 SRTOT MST SD 
C6 CO C6 CO C6 CO C6 
0.09 0.07 0.16 -0.05 0.25**& -0.09 0.01 
-0.02 0.18* 0.21* 0.04 0.01 -0.27** 0.04 
-0.50**& 0.11 0.04 -0.15 -0.52**& 0.08 0.36**& 
-0.48** 0.38** 0.22* -0.26** 0.06& -0.18* -0.08 
-0.42** -0.27** 0.48** 0.32** 0.49** 0.22*& 
-0.20* 0.11& -0.20* -0.17 
0.52** 0.33** 
Table 18. (Continued) 








































































0 .06  
0 .01  
0.28** 
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RTPL ECB LB3 
CO C6 CO C6 CO C6 
0.13 -0.11 -0.11 0.00 0.13 -0.10 
0.24** 0.12 -0.15 0.02 -0.24** -0.14 
0.23* 0.15 -0.15 0.16& 0.02 0.08 
-0.02 -0.34**& 0.05 0.14 0.14 -0.04 
0.05 0.15 -0.02 -0.18* -0.18* -0.15 
0.16 -0.13& 0.16 0.10 -0.03 0.06 
-0.03 -0.15 0.08 0.00 -0.05 -0.17 
0.06 0.00 -0.08 -0.20* -0.03 -0.10 
0.04 0.03 -0.03 -0.17 -0.05 -0.02 
0.01 -0.02 0.03 -0.01 0.12 -0.10 
-0.33** -0.38** 0.13 0.12 -0.02 -0.10 
0.00 -0.16 -0.06 0.07 
0.01 -0.07 
77 
two or less significant changes in correlation coefficients from CO to C6. 
Based on combined data, significant phenotypic correlations were 
obtained for many of the yield and yield component traits (Table 19). 
Positive significant correlations of moderate magnitude between MYLD and 
both YLDl and YLD2 existed for both CO and C6. Correlations between 
YLDl-ERNO and YLD2-ERN0 were highly significant for both the original 
and selected cycles. However, the correlation between MYLD-ERNO failed 
to be significant, and for the C6, was opposite in direction to other 
ERNO-yield trait combinations. Correlations between yield (both machine 
and hand harvested) and kernel weight traits were positive, although not 
consistently significant. The only significant negative correlations 
were those observed between ERNO-KWTl and ERN0-KWT2, which were moderate 
in magnitude for both cycles of selection. Significant changes in 
correlations from CO to C6 were detected for MYLD-ERNO and KWT1-KWT2. 
For other pairs of traits, changes in direction from the original to the 
selected cycle were inconsistent and the magnitude of the change was 
small. 
All phenotypic correlations among stalk quality traits were 
significant (Table 20) except STL-SRTOT for cycle 6. Correlations among 
all stalk lodging traits (STL, STLl, and STL2) were positive and greater 
than 0.61. Stalk lodging-SRTOT correlations were also positive» although 
the range was from 0.13 to 0.38. The two rind puncture traits (RPNCTl 
and RPNCT2) were positively correlated and greater than 0.80. Measures 
of rind puncture were negatively correlated with all stalk lodging 
traits, ranging from -0.65 to -0.25. Rind puncture-SRTOT correlations 
Table 19. Phenotyplc correlations among yield and yield component traits of BSll measured in 
experiments conducted at Kanawha, Martinsburg, Ames, and Atomic Energy Farm in 1981 
and 1982 
YLDl YLD2 KWTl KWT2 ERNO 
Trait CO C6 CO C6 CO C6 CO C6 CO C6 
MYLD 0.62** 0.53** 0.54** 0.52** 0.17 0.27** 0.25** 0.22* 0.14 -0.17& 
YLDl 0.72** 0.77** 0.09 0.23* 0.12 0.14 0.39** 0.29** 
YLD2 0.12 0.26** 0.23* 0.25** 0.33** 0.25** 
KWTl 0.84** 0.92**& -0.41** -0.42** 
KWT2 -0.40** -0.40** 
*,**Significantly different from 0.00 at 0.05 and 0.01 probability levels, respectively. 
^Significant difference between CO and C6 at the 0.05 level of probability. 
Table 20. Phenotypic correlations among stalk quality traits of BSll measured in experiments 
conducted at Kanawha, Martinsburg, and Ames in 1981 and 1982 
STLl STL2 RPNCTl RPNCT2 SRTOT 
Trait CO C6 CO C6 CO C6 CO C6 CO C6 
STL 0.68** 0.65** 0.74** 0.62** -0.49** -0.25**& -0.56** -0.25**& 0.26** 0.13 
STLl 0.88** 0.79**& -0.52** -0.46** -0.53** -0.49** 0.24** 0.25** 
STL2 -0.57** -0.42** -0.65** -0.48** 0.38** 0.22 
RPNCTl 0.82** 0.86** -0.30** -0.20* 
RPNCT2 -0.42** -0.27** 
*,**Significantly different from 0.00 at 0.05 and 0.01 probability levels, respectively. 
^Significant difference between CO and C6 at the 0.05 level of probability. 
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were negative, but magnitudinally smaller, ranging from -0.42 to -0.20. 
Significant changes from CO to C6 were observed for STL-RPNCTl. 
STL-RPNCT2, and STL1-STL2. In each case, the C6 correlations were 
smaller in magnitude, although in the same direction (i.e., positive or 
negative) as their respective CO correlations. Other changes from CO to 
C6 were not significant, but they followed this trend. Exceptions were 
RPNCT1-RPNCT2 and STLl-SRTOT. 
Phenotypic correlations among maturity and vegetative traits are 
compared in Table 21. Grain moisture r^s were positive and significant 
with all traits except TILL. These correlations ranged from 0.22 to 
0.43. PLHT was positively and significantly correlated with ERHT. Both 
height measurements were significantly correlated with PS and SD, ranging 
from 0.34 to 0.47. Days to 50% pollen shed were highly correlated with 
SD as were correlations between SD-PSINT. Correlations between PS-PSINT 
were negative, but not consistently significant. No significant changes 
in correlations from CO to C6 were observed. 
For both cycles of selection, r^s between RTL and RTLl were detected 
and ranged from -0.33 to -0.43 (Table 22). SRTOT was not consistently 
correlated with other root traits. However, two of the three phenotypic 
correlations of SRTOT were changed significantly from CO to C6. Other 
correlations were not changed significantly. 
Significant, positive phenotypic correlations between DE and DEI 
were detected (Table 23), although there was a significant reduction 
from CO to C6. All other pest resistance correlations were not 
significantly different from zero; neither were there any significant or 
Table 21. Phenotypic correlations among maturity and vegetative traits of BSll measured in 
experiments conducted at Kanawha, Martinsburg, and Ames in 1981 and 1982 
PLHT ERHT PS SD PSINT TILL 
Trait CO C6 CO C6 CO C6 CO C6 CO C6 CO C6 
MST 0.22* 0.30** 0. 24** 0. 37** 0.43** 0.22* 0.52** 0.33** 0.25** 0.22* 0.10 -0.02 
PLHT 0. 84** 0. 86** 0.46** 0.41** 0.39** 0.44** 0.00 0.10 -0.06 0.01 
ERHT 0.47** 0.35** 0.34** 0.34** -0.10 0.01 -0.06 -0.07 
PS 0.79** 0.84** -0.11 -0.19* -0.11 0.00 
SD 0.53** 0.37** 0.01 -0.04 
PSINT 0.17 -0.08 
*,**Significantly different from 0.00 at 0.05 and 0.01 probability levels, respectively. 
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Table 22. Phenotypic correlations among root traits of BSll measured 
in experiments conducted at Kanawha, Martinsburg, and Ames 
in 1981 and 1982 
RTLl RTPL SRTOT 
Trait CO C6 CO C6 CO C6 
RTL 0.74** 0.66** -0.33** -0.38** -0.08 0.28**& 
RTLl -0.41** -0.43** -0.01 0.21* 
RTPL 0.16 -0.13& 
*,**Significantly different from 0.00 at 0.05 and 0.01 probability 
levels, respectively. 
^Significant difference between CO and C6 at the 0.05 level of 
probability. 
Table 23. Phenotypic correlations among pest resistance traits of BSll 
measured in experiments conducted at Kanawha, Martinsburg, 
Ames, and Atomic Energy Farm in 1981 and 1982 
DEI SRTOT ECB LB3 
Trait CO C6 CO C6 CO C6 CO C6 
DE 0.50** 0.21*& -0.03 0.06 0.04 0.07 -0.04 0.03 
DEI -0.03 0.17 0.15 0.16 -0.11 0.04 
SRTOT 0.16 0.10 -0.03 0.06 
ECB 0.01 -0.07 
*,**Significantly different from 0.00 at 0.05 and 0.01 probability 
levels, respectively. 
^Significant difference between CO and C6 at the 0.05 level of 
probability. 
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consistent changes from CO to C6. 
In comparisons across conceptual groups, MYLD was not consistently 
and significantly correlated with any trait (Table 18). Phenotypic 
correlations of MYLD were significantly negative for only one cycle with 
STL2 (CO) and significantly positive for only one cycle with MST and ERHT 
(C6). MST was the only trait in which the phenotypic correlation with 
MYLD was significantly changed from CO to C6. YLD2 followed this incon­
sistent trend with respect to significance in its phenotypic correlations 
with other traits. Three traits exhibited positive, significant r^s with 
YLD2 in only one cycle: SRTOT and ERHT (C6) and RTPL (CO). Three 
significantly negative r^s with YLD2 were also observed: SD, PSINT, and 
LB3 (all CO). None of the changes in phenotypic correlations of YLD2 
from CO to C6 was significant. ERNO was significantly positively 
correlated with STL2 in both cycles and significantly negatively 
correlated with PSINT in both cycles. Moreover, many more correlations 
with ERNO were significant, although not consistently for both cycles. 
Five traits exhibited significant changes in r^s with ERNO from CO to C6. 
The correlations of RPNCT2, MST, SD, ERHT, and ECB with ERNO were 
changed significantly from CO to C6 even though the changes in magnitude 
and direction were not consistent. 
STL2 was consistently negatively correlated with SD, PSINT, and 
RTPL. However, only for PSINT were the correlations significant for both 
cycles. STL2 was consistently positively correlated with ERHT, RTL, and 
ECB, but in no cases were both cycles significantly different from zero. 
Significant changes from CO to C6 were observed for STL2-MST and 
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STL2-RTPL. RPNCT2 was consistently positively correlated with MST, SD, 
ERHT and PSINT. However, the correlation between RPNCT2 and PSINT for 
C6 was the only one of these correlations that was not significantly 
different from zero. The RPNCT2-SD correlation had a significant change 
over cycles from 0.49 to 0.22. SRTOT was not consistently significantly 
correlated with any trait. However, three traits did exhibit significant 
changes from CO to C6 in phenotypic correlations with SRTOT: MST, RTL, 
and RTPL. Changes in direction were inconsistent. 
Vegetative traits were, in general, not significantly correlated 
with root traits or measures of pest resistance. One exception was the 
positive correlation between ERHT-RTL of roughly the same magnitude for 
both cycles. No significant changes in correlations from CO to C6 were 
observed. 
Root traits were not significantly correlated with pest resistance 
traits. 
Analyses of variance for the unselected S^ lines of set 1 for the 
hand-planted versus machine-planted comparisons are presented in Table 
24. Variation among entries in both planting schemes was highly 
significant (P < 0.01) for root pulling.scores. The error term was 
smaller and variation among entries was larger for machine-planted 
experiments. However, the mean root pulling scores were 17.39 kg (13%) 
greater in hand-planted than machine-planted plots. 
Variation among entries for stalk rot scores was significant at 0.01 
level in hand-planted experiments but significant only at 0.05 level in 
machine-planted experiments. However, the error term was larger in the 
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Table 24. Analysis of variance, means, and coefficients of variation 
for two traits measured in hand-planted and machine-planted 
experiments in Ames in 1982 
Mean squares 
Root pulling Stalk rot 
Source of Degrees of Hand Machine Hand Machine 
variation freedom planted planted planted planted 
Replications 1 105. 62 614. ,66 0. 53 0. ,76 
Entries 19 902. ,32** 1419. ,38** 6. 11** 6. ,13* 
Error 19 297, ,28 203. ,58 2. 03 2. ,84 
Standard error 17. ,24 14. ,27 1. 43 1, ,68 
Mean 149. 90 132. ,51 8. 13 7, .55 
C.V. (%) 11, .5 . 10. ,8 17. 5 22, ,3 
*,**Significant at 5% and 1% probability levels, respectively. 
machine-planted experiments, unlike the situation for root pulling. 
Variation among entries was almost identical. Stalk rot scores were 0.58 
units (8%) higher in hand-planted plots. 
Correlation coefficients between the two methods of planting were 
0.71 for root pulling and 0.68 for stalk rot. Both of these 
correlations are highly significant. 
Similarities in genotypic and error variance estimates and high 
correlation coefficients between the two methods for RTPL and SRTOT in 
Experiment 96 indicated that each method was reliable for obtaining 
estimates of genetic and environmental parameters. Similarities in 
variance estimates and high correlation coefficients between methods 
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allowed the data from hand-planted experiments in 1981 to be pooled with 
data from machine-planted experiments in 1982 with minimum concern about 
confounding effects due to planting method. 
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DISCUSSION 
This study was designed primarily to evaluate progress from six 
cycles of reciprocal full-sib selection for grain yield in the maize 
synthetic BSll. Associated changes in yield components and other 
agronomic traits were investigated. 
Of the 34 traits measured in this study, 30 demonstrated significant 
variation among entries. Of the four not showing significant variation 
among entries, two traits (KWTLS and RPNCTD) were simply measures of 
random variation while two others (STL and YLDLS) had highly significant 
estimates of genotype x environment interaction variance. 
Of the 30 characters that demonstrated significant variation among 
entries, 11 were significantly changed through selection. For those 11 
traits exhibiting significant changes in means, three (KWT2, RPNCTl, and 
RPNCT2) were not consciously selected during the six cycles of improve­
ment. These 11 significant changes in means must be considered as 
correlated responses, however, since selection was based primarily on 
hybrid performance. 
Thirteen characters displayed significant decreases in genetic 
variance. In general, those traits which had significant changes in the 
mean did not exhibit significant changes in genetic variance. MST and 
RPNCTl were the two characters which failed to follow this trend. Six 
of these 13 characters were not consciously selected during the six 
cycles of improvement in BSll. Since no characters were observed to 
significantly increase in genetic variance, initial gene frequencies 
were either intermediate or selection/drift failed to shift gene 
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frequencies sufficiently to achieve increases in genetic variance. 
Eighteen traits had significant reductions in genotype x environ­
ment interaction associated with selection while only one trait (RPNCTl) 
showed a significant increase in this interaction term. Two traits that 
had significant changes in genotype x environment interaction also had 
significant changes in mean and genetic variance (MST and RPNCTl). Five 
of 18 characters had means significantly changed through selection. 
Seven of 18 characters had genetic variances significantly reduced. 
Secondary objectives of this study were to assess the effects of 
artificial inoculation of stalk rot organisms and to evaluate methods to 
select for resistance to stalk rot, stalk lodging, and root lodging. 
Artificial Inoculation caused a significant increase in only one 
trait: stalk lodging. This significant increase in stalk lodging 
coupled with the failure to detect a significant yield loss or changes 
in yield components demonstrated that the stalk rot organisms used in 
this study are responsible for changes in the structural components of 
the stalk and not in changing photosynthate partitioning under 
conditions in central Iowa. 
Studies of methods to select for resistance to stalk rot and stalk 
lodging were useful. All stalk quality traits with significant variation 
among entries (STLl, STL2, RPNCTl, RPNCT2, SRI, SR2, SRTOT) had 
heritabilities greater than 0.20, which were considerably better than 
for stalk lodging, which had a heritability no greater than 0.08. 
Correlations of these traits with STL were significantly different from 
zero in all cases except one: STL-SRTOT (C6). 
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Studies of methods to select for resistance to root lodging were 
not as clear as those for stalk quality traits. Heritabilities for RTPL 
were lower, in general, than those for RTL and RTLl. Secondly, 
phenotypic correlation between RTPL and root lodging traits were all 
greater than 0.30 and less than 0.50 in absolute value. However, RTPL 
scores were normally distributed, unlike root lodging scores, making 
interpretations about variance estimates for RTPL more meaningful than 
those for root lodging. 
Smith (1979) illustrated that the increased frequency of favorable 
alleles in populations can be accompanied by considerable inbreeding 
depression, effectively nullifying the gains from selection. He also 
stated that different levels of inbreeding depression could accumulate 
in the two populations studied even though both populations had similar 
effective population sizes. It was not possible from this study to 
separate the confounding effects of inbreeding and observed changes in 
means accompanied by the lack of significant changes in genetic 
variances. However, the number of traits that displayed significant 
decreases in genetic variances and the number of traits displaying 
significant changes in means are approximately equal. 
There are many mechanisms that could be responsible for changes 
from CO to C6 in phenotypic correlation coefficients between traits. 
Inadequate sampling of the respective populations could lead to 
erroneous estimates of the phenotypic correlation coefficients. Failure 
of the populations to achieve genetic equilibrium through random mating 
could also lead to biased estimates of phenotypic correlation 
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coefficients. Changes to or from random mating could lead to changes in 
the estimates of those phenotyplc correlation coefficients (Hallauer and 
Miranda, 1981) as linkage disequilibrium is dissipated through selection 
and recombination or conversely as linkage disequilibrium is increased 
through selection and (possibly limited) recombination. Simple changes 
in gene frequencies of independently Inherited alleles controlling 
different traits could lead to changes in correlation coefficients. 
These changes result from changes in the gametic and corresponding 
zygotic array of individuals from such a population. Finally, selection 
for alleles with pleltrophlc effects or selection that leads to changes 
in the partitioning of biochemically active components could lead to 
changes in correlation coefficients. It was not possible from this 
study to determine which mechanisms, if any, were responsible for the 
pairs of traits which exhibited significant changes from CO to C6 in 
phenotypic correlation coefficients. 
Grain yield, regardless of the method of harvesting, has been 
significantly Improved in BSll through six cycles of RFS (estimates 
range from 14% in YLDl to 20% in MYLD) suggesting that selection 
increased the frequency of favorable alleles contributing to yield 
performance. Six cycles of RFS have not significantly changed the 
genotyplc variability for any of the yield traits (Figures 1 and 2). 
There was even a trend toward increasing genotyplc variability, but the 
changes were nonsignificant. The distributions of yield traits in the 
C6 appear to be closer to a normal distribution than CO yield traits. 
The deviation from normality for CO S^^ lines could be attributed to the 
Figure 1. Frequency distributions for quintals per hectare for BSllCO 
and BS11(FR)C6 from data collected in four experiments 
conducted at Kanawha and Martinsburg in 1981 and 1982 (arrow 
identifies the line mean; class interval = standard error 
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Figure 2. Frequency distributions for hand harvested yield inoculated 
with stalk rot for BSllCO and BS11(FR)C6 from data collected 
in two experiments conducted at Ames in 1981 and 1982 (arrow 
identifies the line mean; class interval = standard error 
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negative correlation (Table 18) between yield traits and SD and PSINT, 
indicating that later flowering lines did not have the opportunity to 
fully express favorable yield genes. The changes in correlation of MYLD 
with MST changed significantly from -0.05 to 0.25, even though MYLD 
increased 20% with concurrent decreases in MST of 14%, which can be 
accounted for by small changes in gene frequency as a result of 
selection. Estimates of means, genetic variances, genotype x environment 
interactions and heritabilities for MYLD (Table 12) were similar to 
those obtained by Smith and Guy (1982) for random S^ lines from BSll in 
1978 and 1981. Kevern (1981) reported 5% and 33% yield increases, 
respectively, in BSCBl and BSSS in S^ yield from a reciprocal recurrent 
selection program at Ames, Iowa. 
Only two significant correlations existed between MYLD and other 
nonyield traits in C6 (MST and ERHT, Table 18) and these two were < 0.3 
in absolute value. If the best 24 lines (top 20%) for MYLD in C6 were 
selected, the mean of this selected group would have significant changes 
(relative to all C6 S^ lines) for only four traits: YLDl, YLD2, KWTl, 
and KWT2 (Table 25). The lack of significant changes in nonyield 
traits illustrates that significant genotypic correlations may not be 
realized through selection. 
Reciprocal full-sib selection has increased prolificacy in BSll S^ 
lines by 37%. Although this change was not significant, it paralleled 
the yield improvement from CO to C6. One of the requirements in RFS 
schemes is the expression of two developed ears per SQ plant to 
facilitate producing both and test cross seed. During the six cycles 
Table 25. The top 24 (15%) C6 lines for MYLD and their means, means 
of all C6 lines, differences, and the standard error of 
these differences 
Traits 
Family MYLD MST RTL STL DE 
237 64.30 23.38 3.05 18.79 0.31 
205 64.13 21.53 5.71 13.79 0.00 
203 61.12 22.15 0.64 24.77 0.31 
181 60.04 21.69 1.50 19.22 0.00 
147 58.51 22.49 1.23 13.14 0.23 
224 58.46 21.30 2.86 25.23 1.04 
135 58.30 20.56 1.30 16.25 0.00 
125 57.54 18.98 1.47 21.83 0.00 
152 56.99 23.70 2.62 26.53 0.00 
196 56.86 22.84 1.79 15.59 1.22 
184 56.79 20.54 1.79 25.26 0.00 
132 56.44 21.79 5.31 17.13 0.50 
126 55.13 22.23 21.77 21.87 • 0.25 
180 54.33 20.74 1.24 21.43 0.00 
169 53.56 19.26 0.87 21.81 0.00 
198 53.29 19.90 2.66 14.82 0.00 
217 52.87 21.24 . 1.49 32.09 1.00 
201 52.35 26.51 3.13 24.34 1.06 
145 52.09 26.74 2.91 25.94 0.54 
220 51.82 20.76 0.00 23.07 0.00 
160 51.18 20.95 1.22 26.96 0.00 
143 51.07 20.30 6.38 14.34 0.47 
207 50.85 21.49 6.94 23.38 0.00 
140 50.67 20.78 0.51 13.95 0.00 
Average of 55.78 21.74 3.27 20.90 0.29 
selected C6 
Average of 44.82 20.99 2.83 21.27 0.39 
all C6 
Difference 10.96** 0.75 0.44 -0.37 -0.10 




from zero at 5% and 1% probability 
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Traits 
YLDl YLD2 YLDLS KWTl KWT2 KWTLS 
79.47 81.71 -2.25 76.48 79.08 -2.60 
62.90 64.60 18.31 70.93 64.73 6.20 
65.11 63.29 1.82 74.38 73.93 0.45 
71.49 74.99 -3.50 67.48 65.78 1.70 
63.86 55.17 8.69 76.80 70.68 6.13 
56.50 67.89 -11.39 83.53 85.58 -2.05 
65.98 64.08 1.91 76.98 69.40 7.58 
63.97 61.97 2.00 63.00 59.20 3.80 
74.12 74.11 0.01 72.03 73.05 -1.03 
66.64 64.63 2.01 65.53 73.60 -8.28 
61.04 59.79 1.25 66.43 62.28 4.15 
58.14 71.61 -13.47 67.60 66.00 1.60 
66.58 58.97 7.61 61.23 62.03 -0.80 
60.10 52.74 7.36 94.90 62.58 32.33 
71.22 74.38 -3.16 71.25 70.70 0.55 
61.64 60.55 1.09 81.40 78.45 2.95 
68.70 66.75 1.95 68.18 64.08 4.10 
59.83 59.07 0.76 92.35 92.38 -0.03 
63.87 63.26 0.62 78.35 71.93 6.43 
70.11 59.61 10.50 68.43 65.03 3.40 
57.79 64.51 -6.72 54.38 57.60 -3.23 
65.23 62.92 2.32 65.65 62.35 3.30 
65.13 65.70 -0.57 74.83 79.18 -4.35 
64.71 62.43 2.28 66.65 66.40 0.25 
65.17 64.78 1.23 72.45 69.83 2.61 
60.00 58.42 1.58 67.73 66.45 1.28 
5.17** 6.36** -0.35 4.72* 3.38** 1.33 
1.57 1.74 2.12 2.22 1.18 2.44 
Table 25. (Continued) 
Traits 
Family STLl STL2 STLD RPNCTl RPNCT2 RPNCTl 
237 13.82 8.07 -5.75 4.68 4.19 0.50 
205 11.67 14.29 2.63 3.78 3.17 0.61 
203 8.31 14.50 6.19 5.48 5.70 -0.23 
181 11.31 28.49 17.18 4.25 3.17 1.09 
147 12.02 22.78 10.76 3.91 3.24 0.68 
224 11.75 8.95 -2.80 4.73 4.39 0.34 
135 13.42 22.72 9.30 4.05 3.37 0.68 
125 21.39 13.77 -7.62 3.19 2.51 0,68 
152 14.56 33.36 18.80 3.87 3.05 0.81 
196 8.06 15.80 7.74 3.98 3.48 0,50 
184 8.14 9.86 1.72 3.30 3.35 -0.05 
132 24.00 47.72 23.72 2.83 1.99 0.84 
126 40.19 42.66 2.47 3.39 2.19 1.20 
180 8.19 11.10 2.92 3.82 2.29 1.54 
169 13.69 14.32 0.63 3.17 3.53 -0.36 
198 10.04 10.57 0.54 3.94 3.96 -0.02 
217 20.03 29.85 9.82 3.91 2.71 . 1.20 
201 16.63 15.50 -1.14 4.48 3.96 0.52 
145 7.60- 18.83 11.23 4.05 3.67 0.38 
220 17.22 11.70 -5.52 4.66 4.39 0.27 
160 17.79 16.44 -1.35 3.48 3.89 -0.41 
143 3.60 7.48 3.88 4.59 4.19 0.41 
207 33.18 28.19 -4.99 3.39 2.49 0.90 
140 8.47 8.53 0.06 4.00 3.46 0.54 
Average of 14.80 18.98 4.18 3.96 3.43 0.53 
selected C6 
Average of 15.72 18.61 2.89 3.76 3.30 0.46 
all 06 
Difference -0.93 0.37 1.29 0.20 0.13 0.07 




ERNO DEI PLHT ERHT TILL RTLl 
1.30 0.00 235.10 126.85 0.11 1.56 
1.38 0.57 172.20 85.65 0.05 6.92 
1.55 1.39 225.80 119.10 0.19 1.22 
1.72 0.78 230.25 132.05 0.20 7.30 
1.22 0.57 218.00 129.15 0.06 5.37 
1.34 0.00 217.05 123.05 0.07 24.45 
1.30 1.36 192.90 97.60 0.04 1.63 
1.76 0.00 198.70 105.85 0.07 1.30 
1.55 0.54 198.70 109.45 0.40 18.06 
1.46 2.01 217.60 119.60 0.04 4.69 
1.71 0.00 202.20 107.15 0.04 1.96 
1.40 0.74 191.30 106.15 0.11 5.12 
1.56 1.47 210.60 113.25 0.12 22.06 
1.47 0.00 200.25 104.90 . 0.13 0.00 
1.80 1.49 200.90 96.95 0.36 0.00 
1.59 0.74 183.00 96.20 0.03 3.34 
1.59 5.95 203.60 106.00 0.15 5.29 
1.12 1.40 199.02 112.80 0.02 4.68 
1.36 1.47 209.75 ' 124.30 0.05 17.32 
1.52 0.00 202.25 115.75 0.15 0.57 
1.75 0.00 220.45 114.90 0.08 10.35 
1.40 1.78 214.00 116.05 0.20 2.02 
1.71 0.52 196.20 117.60 0.04 19.91 
1.75 0.63 203.85 115.00 0.04 0.00 
1.51 0.98 205.99 112.31 0.11 6.88 
1.56 0.68 204.90 110.10 0.09 6.11 
-0.05 0.30 1.09 2.21 0.02 0.77 
0.03 0.41 2.01 1.41 0.02 2.45 
Table 25. (Continued) 
Traits 



















































































































































26.48 28.23 1.75 123.54 3.09 
Average of 
all C6 
26.30 28.01 1.71 126 .28  2.90 
Difference 0.18 
Standard error 0.45 
difference 
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of selection, only those pairs of plants with sufficient and test-
cross seed were considered for testing. Thus, selection pressure for 
prolificacy was on the SQ plant level and not on the testcrosses. 
Harris et al. (1972) indicated that prolificacy was controlled by 
recessive genes and that favorable yield genes were expressed to a 
greater degree in prolific backgrounds. Cycle 6 rather than CO lines 
should have a greater expression of recessive genes controlling pro­
lificacy due to the inbreeding coefficient between 17% and 26% disre­
garding the changes in frequencies of alleles coding for prolificacy. 
2 The lack of significant change in for ERNO (Table 14 and Figure 3) 
G 
suggested that allelic frequencies were near intermediate levels before 
and after selection. Significant positive correlations (Table 19) 
between ERNO and YLDl and YLD2 indicate that prolific families do 
indeed have higher hand-harvested yield. 
Correlations between ERNO and MYLD were not significantly different 
from zero even though the change from CO to C6 was significant (0.14 to 
-0.17, Table 19). Since MYLD and ERNO both increased, and the correla­
tions of MYLD-ERNO are nonsignificant, the significant change in 
correlation should be ignored since the Impact on a breeding program 
would be minimal. The most dramatic change associated with the change 
in prolificacy was that for RPNCT2 (Table 18); the correlation in CO was 
0.21 and changed significantly to -0.51 in C6. The negative correlation 
indicates that further increases in ear number will be difficult to 
obtain without reductions in stalk quality. 
The greatest number of significant changes in phenotypic 
Figure 3. Frequency distributions for number of ears per plant for 
BSllCO and BS11(FR)C6 from data collected in two experiments 
conducted at Ames in 1981 and 1982 (arrow identifies the 
line mean; class interval = standard error of the difference 
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correlation coefficients from CO to C6 was for ERNO paired with six 
other traits (MYLD, RPNCT2, MST, SD, ERHT, and ECB, Table 18). This 
large number of significant changes in correlation coefficients 
illustrates that even though ERNO was not significantly changed through 
selection, its relationship with many other traits was significantly 
changed. ERNO was observed to increase 37% from CO to C6 (1.14 to 1.56), 
which represents an average change in 0.42 ears per plant. Two C6 
families averaged greater than 2.00 ears per plant. This increase in 
ear number represents a radical change in partitioning of photosynthate 
within the plant since total grain weight increased only 14% (Table 12). 
Grain moisture decreased significantly from 24.6% in CO to 21.0% in 
C6 (Table 12), which represents a 14% reduction resulting from selection. 
Six cycles of RFS have significantly reduced the genotypic variability 
for MST (Figure 4) by approximately 60% (Table 12). As for the yield 
traits, the distribution in C6 appears to be closer to a normal distri­
bution. Grain moisture was the only trait for which there were (1) 
significant variation among entries, (2) significant changes associated 
with selection, (3) significant reduction in genotypic variance, and 
(4) significant reduction in genotype x environment interaction. Grain 
moisture had among the highest values for heritability (0.86 in CO and 
0.81 in C6, Table 12). Although genetic variability for MST has been 
reduced, there is still sufficient genetic variation for continued 
progress from selection. 
The correlation of MST with ERNO changed significantly from -0.15 
to -0.52. Selection has been successful in increasing frequencies of 
Figure 4. Frequency distributions for percent grain moisture for BSllCO 
and BS11(FR)C6 from data collected in four experiments 
conducted at Kanawha and Martinsburg in 1981 and 1982 (arrow 
identifies the line mean; class interval = standard error 
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alleles conditioning lower grain moisture and higher ear number. Pro­
lific lines tend to have smaller ears with drier grain presumably due, 
in part, to smaller diameter cobs. Correlation of MST with SD did not 
change significantly (0.52 in CO to 0.33 in C6, Table 18). Days to 
silk and days to pollen shed were not changed significantly (29.42 to 
28.01; a 5% reduction and 26.91 to 26.30; a 2% reduction, respectively, 
Table 12 and Figures 5 and 6, respectively) demonstrating that drier 
grain should not be attributed solely to earlier flowering dates. 
Evaluation of methods to select for resistance to stalk lodging 
provided some insight into this historically complex problem. Stalk 
lodging (STL) decreased from 25.53% in CO to 21.27% in C6, representing 
a 16% reduction (Table 12). Even more dramatic was the reduction under 
artificial inoculation regimes: 28.62% in CO to 18.61% in C6; a 35% 
reduction (Table 15 and Figure 7). Although these changes were not 
significant due to large genotypic x environment interactions, there 
was a marked improvement in stalk rot resistance and in the difference 
in stalk lodging between inoculated and noninoculated counterparts of 
the same family (Figure 8). Although stalk rot resistance increased 
significantly from CO to C6, there were concurrent unexpected signif­
icant decreases in values for rind puncture (Figure 9). Since 
trends in means and variances of stalk lodging traits were similar to 
stalk rot ratings and in contrast with rind puncture traits, improve­
ment in stalk lodging resistance was attributed to improvements 
in stalk rot resistance and not to structural changes in the stalk, 
namely the rind. The strongly negative correlations between stalk 
Figure 5. Frequency distributions for days to 50% silk for BSllCO and 
BS11(FR)C6 from data collected in two experiments conducted 
at Ames in 1981 and 1982 (arrow identifies the line mean 
class interval = standard error of the difference between 




































BS11 (FR) C6 
% = 28.01 
BS11 CO 
X = 29.42 
SD (Days after June 30) 
Figure 6. Frequency distributions for pollen to silk interval for BSllCO 
and BS11(FR)C6 from data collected in two experiments 
conducted at Ames in 1981 and 1982 (arrow identifies the 
line mean; class interval = standard error of the difference 
between two family means = 1.20) 
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BS11 (FR) C6 
= 1.71 
BS11 CO 
X = 2.51 
A.»® 0^.6° 0.6® «,3-° 
PSINT (Days after June 30) 
Figure 7. Frequency distributions for percent stalk lodging under 
inoculated regimes for BSllCO and BS11(FR)C6 from data 
collected in two experiments conducted at Ames in 1981 and 
1982 (arrow identifies the line mean; class interval = 
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X = 28.62 
%STL2 
Figure 8. Frequency distributions for a measure of stalk rot infection 
under inoculated regimes for BSllCO and BS11(FR)C6 from data 
collected in two experiments conducted at Ames in 1981 and 
1982 (arrow identifies the line mean; class interval = 
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Figure 9. Frequency distributions for rind puncture values under 
inoculated regimes for BSllCO and BS11(FR)C6 from data 
collected in two experiments conducted at Ames in 1981 and 
1982 (arrow identifies the line mean; class interval = 
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lodging traits and rind puncture (within a cycle, Table 18) are incon­
sistent with this explanation, however. It appears that the relative 
contribution of the pith and the rind to whole stalk integrity have 
changed from CO to C6 in BSll even though differences in rind strength 
account for more variation in stalk lodging than do measures of stalk 
rot resistance within each cycle. A significant change in the correla­
tion between STL2 and RTPL (Table 18) indicated that improved stalks in 
C6 are associated with improved root strength. One possible mechanism 
for natural stalk rot development is invasion through the roots. 
Regardless of the mechanisms responsible for the improvement in these 
two traits, or the order in which they occurred, improved stalks and 
improved roots are associated in C6 lines of BSll. There appear to 
be several subtle, complex and interacting mechanisms affecting the 
expression of stalk lodging-. 
Root lodging traits (RTL and RTLl) were not changed significantly 
through selection even though the reduction in magnitude from CO to C6 
in each case was almost 70% (Tables 12 and 14 and Figure 10, respec­
tively) . Significant reductions in genetic variances for root lodging 
traits indicate that initial gene frequencies were at intermediate 
levels. Distributions for root lodging were not normally distributed 
(Figure 8). These deviations from normality influence the interpreta­
tions in genetic variances. As deviations from normality Increase, the 
estimates of variance are biased similarly. 
Root lodging traits were positively and significantly correlated 
with ERHT (Table 18). The correlation was not of sufficient magnitude 
Figure 10. Frequency distributions for percent root lodging for BSllCO 
and BS11(FR)C6 from data collected in two experiments 
conducted at Ames in 1981 and 1982 (arrow identifies the 
line mean; class interval = standard error of the difference 
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to be of any practical importance, however. In BSll, root lodging was 
reduced approximately 70% while RTPL increased 7% (Figure 11). The 
2 
significant decline in for RTL, RTLl, and RTPL implied that the sets 
of genes coding for three traits may have been similar. From correla­
tions between root lodging and RTPL (-0.33 in CO, -0.38 in C6) it was 
not possible to distinguish an association between root strength and 
root lodging that occurred during a specific period in the growing 
season. 
Root lodging data often may not be of sufficient reliability to use 
in effectively selecting for improved root characteristics. In some 
environments, little root lodging occurs, while in other environments 
root lodging may be uniform or confined to certain sites in specific 
fields. The root pulling technique provided additional data of 
moderately low.C.V.s (Table 10) which could be used in the event that 
lodging data were not reliable. In addition, RTPL scores were normally 
distributed (Figure 11), thereby facilitating classification of families 
and interpreting changes in means and variance component estimates. 
Figures 12 through 14 are presented to demonstrate distribution for 
ERHT, ECB, and LB3, respectively. 
The only significant change from CO to C6 in the conceptual root 
group was for RTL-SRTOT (Table 18). This change illustrated the associa­
tion between improved root characteristics and improved stalk quality in 
BSll. 
Inbreeding depression is one confounding factor, althouth subtle, 
which must be recognized in advanced cycles of population undergoing 
long term selection. BSll has completed six cycles of reciprocal full-
Figure 11. Frequency distributions for root pulling scores for BSllCO 
and BS11(FR)C6 from data collected in two experiments 
conducted at Ames in 1981 and 1982 (arrow identifies the 
line mean; class interval = standard error of the difference 
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Figure 12. Frequency distributions for ear height for BSllCO and 
BS11(FR)C6 from data collected in two experiments conducted 
at Ames in 1981 and 1982 (arrow identifies the line mean; 
class interval = standard error of the difference between 
two family means = 5.00) 
126 
BS11 (FR) C6 







X = 116.37 
m I 
i 
i i mi 
ERHT (Centimeters) 
Figure 13. Frequency distributions for European corn borer scores for 
BSllCO and BS11(FR)C6 from data collected in two experiments 
conducted at the Atomic Energy Farm in 1981 and 1982 (arrow 
identifies the line mean; class interval = class system 
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Figure 14. Frequency distributions for leaf blight scores for BSllCO and 
BS11(FR)C6 from data collected in two experiments conducted 
at the Atomic Energy Farm in 1981 and 1982 (arrow identifies 
the line mean; class interval = standard error of the 
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sib selection, with the number of families recombined limited to 16 for 
the first cycle and 20 in subsequent cycles. The inbreeding coefficient 
was calculated from the formula presented by Falconer (1960): 
= l / (Ng + 1)  + {1 -  [ l / (Ng + -  1 
where = effective population size; and 
n = cycle of selection. 
Effective population size can be calculated at least two ways. The two 
methods presented here represent simplistic approaches toward extremes 
in inbreeding coefficients. N refers to the number of parents utilized 
in the recombination phase. 
= N + 1/2 if parents do not contribute equally to the next 
generation; and 
Ng = 2N if parents contribute equally to the next generation. 
Six cycles of reciprocal full-sib selection have resulted in inbreeding 
coefficients of approximately 26% and 17%, respectively, in BSll. The 
true value is probably intermediate between these coefficients. 
Including this inbreeding depression when comparing initial and advanced 
cycles of selected populations is essential. 
Genotypic variance among progeny means is equal to the total 
2 
additive variance io^) plus a portion of the dominance variance if 
2 2 parents are not inbred. Genotypic variance is + l/Aa^ only if gene 
frequencies are p = q = 0.5 (Sprague and Eberhart, 1977). Additive 
and genotypic variances are equal only when nonadditive effects 
(dominance and epistasis) are zero. For traits controlled by primarily 
additive effects, genotypic variation among lines of a population 
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would be expected to decrease as gene frequencies shift away from 
intermediate positions, whether as a direct or correlated response to 
selection. For traits controlled by both additive and nonadditive 
effects, genetic variances are expected to decrease at higher gene 
frequencies and may increase or decrease at lower gene frequencies 
depending on the level of dominance and/or epistasis. 
Selection in a reciprocal full-sib scheme is based on testcross or 
hybrid performance. RFS was designed to improve intervarietal hybrid 
yield by effectively selecting for all types of gene action controlling 
yield (Hallauer, 1967a). Since genotypic variability among random S^ 
lines from a synthetic is a function of the variation due to genes with 
additive effects, improvements in the performance of S^^ lines from C6 
compared to CO demonstrate that RFS has accumulated a higher frequency 
of alleles with favorable additive effects in BSll. Therefore, improve­
ment in populations per se or S^ line performance should be considered 
a correlated response of RFS for hybrid improvement. Populations could 
conceivably have high general combining ability although they 
possessed deleterious recessive alleles, and, consequently would be low 
yielding when evaluated as S^ lines (Center, 1973). Neither mild 
selection nor drift is expected to significantly alter genetic variances 
of quantitatively controlled traits with gene frequencies from 0.2 to 
0.8 (Eberhart et al., 1966). 
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SUMMARY AND CONCLUSIONS 
Unselected S^^ lines from BSllCO and BS11(FR)C6 were evaluated at 
three Iowa locations in 1981 and 1982. The primary objectives of this 
study were to evaluate the progress from six cycles of reciprocal full-
sib selection in BSll through (1) changes in means and genetic variances 
of selected traits; (2) changes in means and variances of traits for 
which no selection was practiced; and (3) changes in phenotypic 
correlations between traits after six cycles of selection. 
Changes in means and/or variances of selected traits CMYLD^ MST, 
RTL, STL, and DE) were caused by changes in the frequency of alleles as 
a result of correlated response to RFS. Genotypic variance increased 8% 
for MÏLD. Genotypic variability of all selected traits except MYLD 
decreased more than was predicted by genetic theory (Eberhart et al., 
1966) for quantitatively controlled traits. The theoretical inbreeding 
coefficient for BS11C6 was estimated between 17 and 26%. Since there 
were major changes in mean performance for MYLD, MST, and RTL, and no 
major changes in mean performance for STL and DE, the sizeable decreases 
in variability were attributed to both selection and inbreeding. MST 
and RTL had heritability estimates greater than 0.5 in Cycle 6 despite 
the reduction in genetic variance. STL and DE are the only selected 
traits for which continued progress through selection appears to be of 
little value with current testing methods since their heritability 
estimates are less than 0.3. 
Changes in means and/or variances of traits for which no selection 
was practiced demonstrated mixed results. Almost one-third of the 
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unselected traits exhibited significant changes in mean performance: 
YLDl, YLD2, KWT2, STLD, RPNCTl, RPNCT2, SRI, SR2, and SRTOT. Twenty-
three of 29 traits had decreases in genetic variance; nine of these 
reductions were significant. Twenty-four of 29 traits had reductions 
in genotype x environment interaction variance; 15 of these reductions 
were significant. The changes in mean performance for some traits can 
be attributed to correlated responses from RFS: YLDl and YLD2, for 
example. However, changes in RPNCTl and RPNCT2 from CO to C6 were in 
an unexpected direction since selection had been based on greater 
standability. These changes in measures of rind puncture are incon­
sistent with changes in measures of stalk rot and stalk lodging. If 
maintaining genetic variability in a population is important, results 
from this study indicate that RFS has not consistently maintained 
variability in BSll through six cycles of selection. However, reductions 
in genotype x environment Interaction variances have usually compensated 
for losses in genetic variability. Therefore, further progress for most 
traits studied is possible. Recombining 20 families per cycle does not 
appear to affect the ability to make continued progress in an RFS 
scheme for individual traits in BSll. 
Changes in phenotyplc correlations between traits from Cycle 0 to 
Cycle 6 illustrated the need for monitoring progress In recurrent 
selection programs. Magnitudes of correlations of blYLD with nonyleld 
traits are not great enough to warrant changes in the RFS program to 
achieve continued progress in MYLD. Phenotyplc correlations of MST with 
other traits are higher In magnitude than those for MYLD, many of the 
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correlations exceeding 0..3 in absolute value. Fortunately, these 
correlations are in the desired direction from a population improvement 
perspective: lower grain moistures are associated with higher ERNO, 
lower ERHT, earlier flowering dates (SD), lower PSINT and lower RTL. 
Continued selection for lower MST is not expected to have any negative 
correlated effects on other agronomic traits. Phenotypic correlations 
of ERNO with other traits in C6 demonstrate that continued selection for 
higher ear number is likely to result in unacceptable changes in stalk 
quality (RPNCT2) and later flowering dates. It is recommended that 
selection specifically for ERNO not be continued. Selection for higher 
mechanically harvestable grain yield and lower grain moisture can 
continue under present selection schemes without alterations since 
negative correlated responses in other traits are not expected. 
Secondary objectives of this study included (1) the effects of 
artificial inoculation of stalk rot organisms on standability, yield, and 
yield components; and (2) evaluation of methods to select for resistance 
to stalk rot, stalk lodging, and root lodging. 
Artificial inoculation of stalk rot caused a significant change in 
only one trait in this study: stalk lodging increased. The differences 
in yield and yield components were not significant. Yield losses, when 
they occur, are likely to be indirect effects of stalk rot: lodging 
occurs and prevents mechanical harvest of the grain. Direct losses in 
grain weight or in yield components were not demonstrated in this study. 
Although BSll represents a limited sample of germplasm, the kind and 
amount of genetic materials from which it was comprised and the 
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relatively large amounts of genetic variability present in it initially 
allow inferences about other germplasm: further yield loss studies are 
not warranted since it is difficult to demonstrate that any direct 
losses in grain weight or other yield components occur. 
Methods to evaluate stalk quality were particularly useful since 
BSll failed to achieve significant reductions in stalk lodging through 
six cycles of RFS. Changes in measures of rind puncture in an unexpected 
direction indicate that rind puncture may be useful for separating 
genotypes within a population, but the method probably has limited 
utility in selecting among populations. Relative contributions of the 
pith and rind to whole stalk integrity were changed in BSll. Other 
germplasm pools could exhibit those same differences in relative contri­
bution of pith and rind. Artificial inoculations of stalk rot organisms 
facilitated separation of lines by causing.some families to lodge to a 
greater extent. This method has merit in a breeding program. It is 
recommended that in addition to stalk lodging criteria already utilized 
in the breeding program, both artificial inoculation of stalk rot 
organisms in the nursery and subsequent rind puncture of those inoculated 
families be used to discard the poor families before they are ever 
considered for testing in yield trials. Correlations in C6 Indicate 
that both methods have potential for improving stalk quality and, 
subsequently, stalk lodging performance. 
Methods to evaluate root quality were also useful since BSll failed 
to achieve significant reductions in root lodging through six cycles of 
RFS. Although root pull scores had heritabilities of less than 0.5 and 
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correlations with root lodging traits were (0.5 in absolute value) the 
scores were normally distributed. Root lodging was not normally 
distributed, and conditions did not always permit root lodging to be 
expressed. Root pulling, therefore, offered opportunities to select 
for increased root strength in the absence of reliable root lodging 
data. Cycle 6 correlations indicated that selection for greater root 
pulling scores would have small, positive effects on root lodging 
resistance. It is recommended that root pulling scores be taken on 
nursery material to discard poor families before they are ever 
considered for testing in yield trials. In addition, increased root 
pull scores are associated with improved stalks in BS11(FR)C6. 
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APPENDIX A. MEANS FOR YIELD AND AGRONOMIC TRAITS OF 119 S^  LINES FROM 
BSll CO COMBINED OVER TWO YEARS (1981 and 1982) 
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Means  fo r  y ie ld  and  agronomic  t r a i t s  of  119  S .  l ines  
f rom BSl l  CO combined  over  two  years  (1981  ana  1982) .  
TRAIT MYLD MST RTL STL DE 
FAMILY 
1  38 .05  24 .81  16 .99  24 .35  0 .51  
2  32 .50  27 .61  11 .63  18 .18  0 .00  
3  51 .12  21 .53  10 .94  28 .59  1 .12  
4  26 .62  26 .25  26 .80  37 .31  0 .28  
5  37 .75  26 .13  11 .90  36 .21  0 .  00  
6  39 .44  19 .26  3 .81  26 .17  0 .53  
7  32 .64  23 .38  1 .76  17 .48  0 .30  
8  45 .44  28 .95  16 .28  33 .26  0 .00  
9  40 .78  25 .39  9 .78  32 .88  0 .51  
10  43 .32  21 .75  18 .81  29 .82  0 .87  
11  31 .60  23 .19  21 .34  29 .98  0 .  66  
12  24 .24  30 .70  15 .94  19 .66  0 .40  
13  46 .48  21 .66  0 .84  26 .17  0 .00  
14  44 .13  23 .26  10 .60  13 .70  0 .23  
15  30 .73  22 .44  0 .99  35 .48  0 .00  
16  31 .29  27 .15  2 .91  33 .87  1 .  04  
17  34 .96  21 .40  3 .47  29 .26  0 .  00  
18  39 .36  20 .64  2 .41  31 .22  0 .29  
19  35 .27  29 .13  8 .11  26 .87  1 .24  
20  40 .22  23 .08  25 .68  22 .78  0 .00  
21  48 .97  23 .69  2 .64  14 .48  0 .26  
22  39 .04  21 .83  3 .74  28 .74  0 .25  
23  46 .28  27 .99  8 .84  27 .37  2 .22  
24  26 .64  26 .39  3 .41  28 .59  2 .38  
25  47 .47  24 .50  3 .86  24 .98  0 .50  
26  45 .30  23 .55  4 .91  34 .05  1 .20  
27  48 .15  26 .98  2 .27  13 .49  0 .  00  
28  34 .77  23 .89  8 .52  42 .30  0 .99  
29  48 .39  22 .41  2 .33  22 .16  0 .00  
30  42 .32  21 .39  2 .79  26 .62  0 .26  
31  35 .75  22 .34  13 .58  28 .53  0 .25  
32  39 .21  25 .31  1 .89  27 .30  0 .  00  
33  40 .53  27 .  66  9 .29  13 .63  0 .24  
34  44 .32  22 .80  1 .88  24 .72  0 .26  
35  54 .54  25 .41  18 .37  18 .67  0 .55  
36  28 .83  25 .20  1 .40  45 .58  0 .35  
37  30 .40  26 .69  1 .51  19 .41  0 .00  
38  28 .70  31 .06  4 .98  19 .55  0 .85  
39  45 .67  24 .24  20 .06  24 .44  0 .83  
40  32 .33  27 .61  12 .99  31 .99  1 .05  
TRZ^. IT  MYLD MST RTL .  STL DE 
FAMILY 
42  30 .93  24 .45  26 .56  19 .74  0 .  00  
43  37 .36  28 .31  11 .45  24 .26  0 .36  
44  35 .23  30 .89  18 .92  17 .17  0 .62  
45  34 .93  24 .10  11 .87  27 .13  1 .38  
46  36 .89  26 .41  2 .68  30 .91  0 .98  
47  31 .79  26 .15  0 .61  28 .67  0 .  00  
48  31 .74  24 .29  14 .26  17 .94  0 .77  
49  22 .55  21 .53  7 .83  43 .40  0 .77  
50  35 .60  24 .10  18 .28  28 .21  0 .69  
51  34 .04  24 .46  0 .63  32 .69  0 .  63  
52  22 .74  20 .39  5 .99  36 .87  0 .  00  
53  45 .38  27 .94  6 .39  23 .10  0 .28  
54  42 .25  24 .81  2 .18  30 .72  1 .25  
55  33 .99  24 .74  2 .61  23 .92  0 .51  
56  27 .21  30 .10  13 .60  25 .27  1 .15  
57  40 .33  23 .36  17 .58  26 .32  1 .05  
58  46 .93  24 .54  3 .56  21 .32  0 .78  
59  37 .52  20 .30  1 .51  13 .30  0 .23  
60  48 .72  23 .70  10 .39  15 .79  0 .30  
61  38 .94  • 19 .80  8 .21  18 .09  0 .26  
62  41 .76  25 .13  0 .49  32 .48  1 .33  
63  27 .72  26 .16  4 .24  21 .66  1 .05  
64  48 .29  25 .59  0 .00  13 .42  0 .51  
65  42 .57  26 .04  21 .41  26 .76  2 .42  
66  35 .08  27 .58  1 .38  33 .81  0 .50  
67  40 .67  23 .00  0 .76  21 .95  0 .  00  
68  33 .93  23 .86  3 .26  18 .38  4 .63  
69  29 .66  21 .80  18 .09  25 .86  0 .28  
70  43 .83  23 .26  12 .35  17 .73  0 .27  
71  35 .63  29 .53  5 .62  17 .28  0 .  00  
72  32 .92  21 .11  5 .04  26 .50  0 .48  
73  25 .53  29 .63  15 .86  22 .10  1 .12  
74  31 .32  21 .38  5 .04  44 .08  0 .87  
75  34 .16  24 .64  31 .61  25 .47  0 .24  
76  39 .60  21 .28  0 .70  20 .48  0 .25  
77  31 .54  25 .65  12 .29  22 .30  0 .24  
78  34 .71  21 .59  5 .79  38 .48  0 .99  
79  32 .93  27 .79  3 .15  22 .28  1 .37  
80  35 .25  22 .10  2 .77  13 .14  0 .00  
81  30 .27  23 .00  2 .04  31 .19  0 .90  
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TRAIT MYLD MST RTL STL DE 
FAMILY 
82  45 .55  23 .59  20 .43  30 .23  0 .54  
83  35 .30  28 .46  3 .34  17 .40  0 .  00  
84  52 .08  28 .38  1 .23  21 .92  0 .97  
85  39 .35  22 .25  18 .68  19 .16  0 .24  
86  30 .40  22 .49  5 .09  21 .81  1 .53  
87  45 .94  27 .05  27 .94  27 .18  0 .49  
88  37 .38  20 .21  8 .91  17 .30  0 .32  
89  35 .33  26 .16  24 .40  16 .70  3 .35  
90  41 .05  25 .35  4 .18  26 .63  0 .47  
91  37 .97  23 .83  1 .52  28 .03  0 .87  
92  36 .13  24 .60  4 .48  21 .95  2 .01  
93  36 .27  23 .40  7 .60  18 .87  0 .26  
94  39 .52  25 .66  18 .64  16 .75  0 .28  
95  38 .30  22 .96  11 .48  35 .76  0 .52  
96  30 .46  22 .38  18 .47  19 .32  0 .24  
97  30 .98  24 .71  7 .84  28 .28  0 .73  
98  41 .53  25 .41  3 .78  22 .92  0 .23  
99  32 .19  21 .50  5 .21  47 .68  0 .  00  
100  45 .93  23 .15  5 .71  18 .49  0 .24  
101  23 .77  28 .18  21 .27  20 .52  0 .78  
102  44 .25  26 .21  2 .80  22 .58  0 .  68  
103  31 .73  22 .85  18 .99  35 .17  1 .95  
104  40 .08  25 .08  13 .83  24 .57  0 .58  
105  34 .78  22 .61  7 .74  31 .56  0 .  00  
106  41 .20  28 .39  6 .43  18 .24  0 .71  
107  22 .29  25 .60  11 .67  21 .39  0 .28  
108  31 .69  27 .88  12 .90  14 .06  1 .23  
109  24 .49  21 .48  4 .48  27 .20  0 .  00  
110  32 .66  23 .23  4 .76  38 .26  0 .  00  
111  47 .80  27 .91  9 .06  25 .80  0 .28  
112  43 .39  22 .09  6 .68  28 .15  1 .04  
113  35 .30  26 .70  3 .18  31 .27  0 .74  
114  29 .99  20 .94  16 .83  18 .85  1 .90  
115  46 .52  25 .10  18 .45  26 .51  0 .23  
116  48 .03  22 .24  4 .67  23 .64  0 .86  
117  39 .49  25 .34  1 .37  33 .74  0 .00  
118  50 .63  25 .50  8 .24  14 .62  0 .77  
119  38 .75  26 .30  17 .26  21 .19  0 .00  
120  24 .94  22 .64  12 .27  33 .98  1 .30  
MEAN 37 .31  24 .63  9 .15  25 .53  0 .64  
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TRAIT YLDl  YLD2 YLDLS KWTl  KWT2 KWTLS 
FAMILY 
1  46 .09  34 .38  11 .71  77 .13  75 .15  1 .98  
2  45 .82  41 .18  4 .64  60 .85  64 .40  -3 .55  
3  59 .54  61 .54  -2 .00  76 .35  77 .13  -0 .78  
4  52 .04  38 .40  13 .64  65 .75  49 .18  16 .58  
5  64 .45  61 .68  2 .77  56 .85  52 .78  4 .08  
6  62 .71  56 .44  6 .28  77 .68  75 .95  1 .73  
7  54 .83  51 .07  3 .76  50 .18  54 .88  -4 .70  
8  67 .35  51 .41  15 .95  62 .90  62 .58  0 .33  
9  61 .37  56 .00  5 .38  72 .13  68 .10  4 .03  
10  56 .25  58 .98  -2 .73  55 .68  50 .18  5 .50  
11  61 .50  53 .44  8 .06  70 .45  64 .33  6 .13  
12  54 .83  49 .82  5 .01  59 .58  57 .13  2 .45  
13  60 .90  55 .64  5 .26  62 .18  61 .18  1 .00  
14  60 .69  54 .67  6 .02  82 .33  74 .45  7 .88  
15  49 .43  49 .49  -0 .  06  47 .55  51 .25  -3 .70  
16  46 .28  45 .43  0 .86  70 .55  71 .73  -1 .18  
17  51 .71  51 .55  0 .17  57 .65  56 .10  1 .55  
18  52 .01  58 .52  -6 .47  52 .63  52 .88  -0 .25  
19  48 .86  45 .11  3 .76  62 .78  57 .  00  5 .78  
20  51 .29  44 .74  6 .55  60 .45  63 .15  -2 .70  
21  59 .30  47 .75  11 .55  62 .98  63 .60  -0 .63  
22  50 .47  47 .25  3 .22  48 .10  51 .08  -2 .98  
23  69 .03  71 .44  -2 .41  66 .38  71 .05  -4 .68  
24  56 .66  56 .80  -0 .15  73 .35  78 .70  -5 .35  
25  62 .23  54 .72  7 .51  56 .90  56 .73  0 .18  
26  61 .11  50 .68  10 .43  61 .70  62 .43  -0 .73  
27  58 .80  57 .34  1 .46  79 .88  80 .53  -0 .65  
28  40 .73  46 .54  -5 .82  55 .20  54 .93  0 .28  
29  62 .32  53 .87  8 .46  61 .45  59 .  08  2 .38  
30  55 .25  58 .21  -2 .97  69 .30  65 .05  4 .25  
31  53 .21  49 .82  3 .39  80 .38  80 .33  0 .05  
32  48 .85  45 .98  2 .87  62 .48  61 .85  0 .63  
33  46 .47  47 .74  -1 .27  59 .35  56 .  63  2 .73  
34  54 .94  52 .93  2 .02  76 .78  72 .38  4 .40  
35  65 .69  67 .03  -1 .34  76 .40  73 .73  2 .68  
36  46 .58  52 .83  -6 .26  57 .13  57 .65  -0 .53  
37  40 .31  37 .48  2 .83  62 .63  55 .08  7 .55  
38  35 .22  43 .29  -8 .07  78 .23  76 .78  1 .45  
39  57 .20  51 .70  5 .50  66 .35  65 .65  0 .70  
40  40 .80  38 .04  2 .77  56 .35  49 .98  6 .38  
TRAIT YLDl  YLD2 YLDLS KWTl  KWT2 KWTLS 
FAMILY 
42  42 .61  37 .36  5 .25  58 .83  54 .93  3 .90  
43  47 .41  41 .09  6 .32  81 .  68  60 .10  21 .58  
44  59 .46  49 .38  10 .08  66 .25  59 .98  6 .28  
45  54 .30  52 .65  1 .66  87 .98  88 .30  -0 .33  
46  62 .88  56 .87  6 .01  70 .03  76 .63  —6.60  
47  52 .23  51 .10  1 .13  86 .60  61 .73  24 .88  
48  45 .14  41 .13  4 .01  57 .35  58 .63  -1 .28  
49  39 .74  39 .94  -0 .20  49 .25  48 .20  1 .05  
50  48 .34  56 .54  -8 .20  60 .80  60 .38  0 .43  
51  63 .24  62 .60  0 .64  81 .93  73 .70  8 .23  
52  41 .54  40 .60  0 .94  65 .43  57 .85  7 .58  
53  54 .37  61 .63  -7 .26  71 .43  75 .50  -4 .08  
54  56 .08  57 .99  -1 .91  60 .48  56 .00  4 .48  
55  47 .84  48 .24  -0 .40  57 .15  55 .55  1 .60  
56  55 .59  66 .25  -10 .67  59 .28  66 .05  -6 .78  
57  50 .51  50 .77  -0 .26  75 .38  79 .78  -4 .40  
58  55 .19  56 .41  -1 .22  73 .35  71 .00  2 .35  
59  52 .27  43 .90  8 .37  56 .95  55 .28  1 .68  
60  59 .89  54 .86  5 .04  66 .18  65 .80  0 .38  
61  48 .65  39 .04  9 .61  66 .78  67 .03  -0 .25  
62  60 .95  63 .27  -2 .32  70 .88  61 .75  9 .13  
63  36 .95  39 .46  -2 .52  63 .18  62 .28  0 .90  
64  56 .20  58 .42  -2 .23  61 .78  64 .35  -2 .58  
65  62 .45  59 .45  3 .00  73 .55  71 .48  2 .08  
66  47 .76  43 .94  3 .82  80 .  00  75 .40  4 .60  
67  52 .88  51 .46  1 .43  62 .80  57 .63  5 .18  
68  49 .70  44 .67  5 .03  67 .  63  67 .68  —0.  05  
69  55 .02  46 .78  8 .24  72 .95  69 .35  3  .  60  
70  51 .18  56 .63  -5 .45  80 .45  80 .55  -0 .10  
71  55 .41  49 .67  5 .75  91 .63  62 .83  28 .80  
72  52 .35  47 .52  4 .83  69 .13  69 .23  -0 .10  
73  37 .42  39 .81  -2 .40  89 .75  74 .13  15 .  63  
74  48 .54  39 .31  9 .24  59 .85  58 .90  0 .95  
75  56 .90  49 .91  6 .99  66 .53  61 .95  4 .58  
76  46 .90  46 .12  0 .78  68 .73  67 .03  1 .70  
77  42 .70  45 .28  -2 .58  77 .18  75 .65  1 .53  
78  48 .53  48 .18  0 .35  95 .53  96 .15  -0 .63  
79  42 .85  44 .12  -1 .27  72 .75  64 .85  7 .90  
80  47 .85  44 .00  3 .85  77 .90  80 .80  -2 .90  
81  50 .49  64 .14  —13.66  62 .23  59 .18  3 .05  
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TRAIT SÏLl  STL2 STLD RPNl  RPN2 RPND 
FAMILY 
1  20 .97  38 .19  17 .22  8 .90  7 .10  1 .80  
2  16 .55  11 .42  -5 .13  13 .90  10 .35  3 .55  
3  9 .33  24 .66  15 .34  9 .85  7 .10  2 .75  
4  44 .55  74 .89  30 .35  7 .40  4 .70  2 .70  
5  40 .37  53 .73  13 .36  9 .70  6 .20  3 .50  
6  20 .66  21 .10  0 .45  8 .60  7 .00  1 .60  
7  21 .77  16 .99  • - 4 .79  10 .65  9 .75  0 .90  
8  55 .26  58 .26  3 .00  8 .20  6 .15  2 .05  
9  21 .34  37 .22  15 .89  8 .15  7 .15  1 .00  
10  31 .80  37 .48  5 .68  8 .85  6 .85  2 .00  
11  47 .16  56 .30  9 .14  7 .85  6 .95  0 .90  
12  14 .22  12 .50  -1 .72  10 .40  9 .50  0 .90  
13  25 .63  24 .25  -1 .38  9 .50  8 .00  1 .50  
14  2 .82  12 .26  9 .44  9 .35  9 .15  0 .20  
15  44 .49  36 .70  -7 .79  8 i25  6 .75  1 .50  
16  26 .66  21 .72  -4 .94  9 .20  9 .70  -0 .50  
17  53 .59  53 .93  0 .34  8 .70  7 .95  0 .75  
18  34 .99  41 .75  6 .76  8 .00  7 .30  0 .70  
19  26 .27  29 .54  3 .27  11 .65  9 .30  2 .35  
20  18 .76  25 .09  6 .34  10 .95  9 .45  1 .50  
21  13 .02  17 .40  4 .38  10 .10  8 .35  1 .75  
22  37 .03  52 .38  15 .35  9 .10  5 .85  3 .25  
23  17 .52  36 .00  18 .48  10 .65  8 .85  1 .80  
24  26 .04  33 .00  6 .96  11 .10  8 .80  2 .30  
25  17 .66  33 .41  15 .76  9 .25  6 .15  3 .10  
26  38 .11  49 .47  11 .36  9 .50  8 .95  0 .55  
27  3 .74  16 .63  12 .89  11 .15  10 .10  1 .05  
28  34 .26  52 .18  17 .92  8 .55  6 .65  1 .90  
29  25 .47  21 .98  -3 .49  10 .95  8 .75  2 .20  
30  21 .45  42 .86  21 .41  8 .55  6 .70  1 .85  
31  10 .01  28 .78  18 .77  9 .65  5 .15  4 .50  
32  13 .86  14 .08  0 .22  11 .40  10 .85  0 .55  
33  8 .56  7 .15  -1 .42  11 .35  11 .30  0 .05  
34  18 .21  38 .04  19 .83  7 .65  5 .25  2 .40  
35  4 .60  7 .50  2 .90  13 .20  .11 .80  1 .40  
36  53 .66  68 .53  14 .87  7 .00  7 .05  -0 .  05  
37  8 .95  11 .96  3 .01  13 .00  12 .10  0 .90  
38  9 .38  4 .96  -4 .42  12 .40  12 .15  0 .25  
39  40 .48  33 .94  -6 .55  6 .05  6 .75  -0 .70  
40  20 .82  31 .03  10 .22  9 .95  8 .45  1 .50  
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STLl  STL2 STLD RPNl  RPN2 RPND 
18 .59  26 .95  8 .36  7 .60  8 .30  -0 .70  
11 .73  23 .23  11 .50  9 .65  10 .05  -0 .40  
4 .98  18 .91  13 .93  12 .05  9 .00  3 .05  
13 .97  25 .19  11 .22  11 .65  11 .20  0 .45  
14 .16  29 .53  15 .37  8 .30  8 .95  -0 .65  
7 .72  13 .33  5 .61  12 .50  9 .60  2 .90  
8 .70  15 .83  7 .13  9 .40  7 .45  1 .95  
3 .92  9 .55  5 .64  7 .90  9 .25  -1 .35  
27 .88  36 .46  8 .58  9 .70  6 .50  3 .20  
2 .00  11 .30  9 .30  8 .45  8 .30  0 .15  
31 .59  38 .03  6 .44  8 .30  7 .45  0 .85  
6 .79  7 .99  1 .21  10 .95  11 .30  -0 .35  
22 .22  33 .91  11 .69  9 .50  6 .75  2 .75  
15 .61  26 .71  11 .10  7 .45  5 .90  1 .55  
14 .33  11 .84  -2 .50  8 .40  8 .45  —0.05  
16 .38  18 .47  2 .09  10 .00  10 .15  -0 .15  
10 .23  19 .83  9 .61  9 .50  8 .80  0 .70  
64 .38  75 .94  11 .57  4 .35  2 .60  1 .75  
9 .93  13 .64  3 .71  7 .85  7 .35  0 .50  
27 .17  35 .64  8 .47  8 .65  7 .70  0 .95  
1 .14  5 .94  4 .80  11 .70  8 .55  3 .15  
39 .08  51 .27  12 .19  9 .10  8 .55  0 .55  
18 .16  28 .38  10 .23  12 .75  9 .30  3 .45  
33 .99  43 .53  9 .54  6 .15  5 .25  0 .90  
10 .86  9 .10  -1 .85  10 .10  9 .50  0 .60  
5 .43  10 .09  4 .67  9 .15  8 .85  0 .30  
9 .68  17 .65  7 .98  11 .75  9 .30  2 .45  
16 .84  21 .23  4 .39  6 .50  5 .20  1 .30  
50 .71  55 .07  4 .36  8 .15  6 .30  1 .85  
31 .55  25 .93  -5 .62  7 .50  7 .75  -0 .25  
7 .86  24 .53  16 .67  10 .50  7 .40  3 .10  
19 .41  36 .80  17 .39  9 .50  7 .40  2 .10  
33 .07  26 .61  -6 .47  11 .75  10 .55  1 .20  
13 .56  16 .35  2 .79  10 .25  7 .70  2 .55  
10 .81  18 .23  7 .42  10 .85  8 .20  2 .65  
13 .65  13 .21  —0.44  11 .60  9 .80  1 .80  
15 .57  18 .69  3 .12  9 .50  8 .90  0 .60  
27 .19  34 .04  6 .85  8 .95  8 .10  0 .85  
26 .17  38 .51  12 .35  7 .85  6 .65  1 .20  









































ERNO DEI  PLHT ERHT TILL RTLl  
1 .  04  0 .78  211 .45  123 .75  0 .33  33  .78  
1 .  06  0 .60  221 .65  120 .80  0 .08  25 .90  
1 .  17  0 .00  220 .25  126 .25  0 .11  19 .56  
1 .  04  0 .00  202 .15  104 .35  0 .04  55 .44  
1 .  70  0 .74  215 .40  123 .70  0 .10  47 .54  
1 .  41  2 .52  227 .85  132 .15  0 .18  5 .69  
1 .  33  0 .57  228 .85  125 .30  0 .04  7 .86  
1 .  63  1 .44  206 .80  122 .60  0 .07  48 .45  
1 .  21  0 .78  201 .90  102 .90  0 .07  10 .17  
1 .  49  1 .47  230 .55  117 .10  0 .16  22 .90  
1 .  44  0 .00  223 .85  122 .00  0 .02  55 .  65  
1 .  36  3 .91  209 .30  105 .45  0 .64  17 .53  
1 .  53  1 .30  211 .85  114 .10  0 .11  0 .00  
1 .  22  0 .63  209 .20  124 .15  0 .04  16 .12  
1 .  45  0 .00  182 .30  109 .95  0 .06  25 .99  
1 .  03  2 .96  197 .55  112 .70  0 .  06  3 .25  
1 .  25  0 .00  215 .60  120 .00  0 .05  11 .83  
1 .  43  0 .00  216 .55  115 .35  0 .30  2 .17  
1 .  35  0 .00  237 .25  130 .15  0 .22  4 .89  
1 .  18  0 .70  246 .40  129 .05  0 .22  52 .48  
1 .  23  1 .33  214 .70  113 .50  0 .06  16 .96  
1 .  61  0 .00  222 .05  122 .35  0 .28  9 .96  
1 .  24  4 .74  231 .70  145 .10  0 .11  8 .58  
1 .  30  7 .29  190 .20  104 .45  0 .29  13 .07  
1 .  18  0 .00  209 .70  118 .05  0 .04  4 .10  
1 .  07  1 .19  222 .30  126 .10  0 .03  20 .83  
1 .  16  0 .00  219 .40  120 .45  0 .01  25 .43  
1 .  28  0 .74  206 .35  116 .60  0 .37  26 .39  
1 .  46  1 .39  216 .95  108 .80  0 .24  2 .13  
1 .  29  0 .00  210 .65  114 .25  0 .03  32 .61  
1 .  16  0 .00  196 .55  106 .85  0 .08  42 .93  
1 .  22  0 .00  200 .75  112 .65  0 .36  0 .  00  
1 .  40  0 .00  219 .75  120 .00  0 .07  3 .84  
1 .  13  0 .74  171 .80  92 .40  0 .32  5 .73  
1 .  13  1 .32  216 .35  111 .80  0 .10  14 .38  
1 .  11  0 .00  209 .60  135 .35  0 .01  2 .40  
1 .  11  0 .57  202 .15  115 .35  0 .07  3 .44  
0 .  81  0 .70  226 .75  127 .60  0 .03  9 .65  
1 .  12  0 .60  212 .30  120 .60  0 .04  59 .31  
1 .  23  7 .78  227 .05  144 .00  0 .41  10 .90  
163 
TRAIT ERNO DEI PLHT ERHT TILL RTLl 
FAMILY 
42 1 . 0 5  0 . 0 0  2 2 2 . 2 0  1 1 3 . 7 5  0 . 0 6  6 4 . 2 1  
43 1 . 0 4  0 . 9 6  2 1 6 . 9 0  1 2 1 . 1 0  0 . 0 9  2 0 . 0 2  
4 4  1 . 1 0  2 . 7 3  2 5 5 . 6 5  1 4 3 . 4 5  0 . 0 4  3 9 . 7 9  
4 5  1 . 2 3  4 . 0 7  2 3 2 . 8 0  1 3 8 . 3 5  0 . 1 2  3 4 . 7 6  
4 6  1 . 1 9  1 . 0 9  2 3 4 . 1 5  1 3 1 . 2 5  0 . 1 4  1 0 . 6 4  
4 7  1 . 4 3  0 . 6 6  2 1 8 . 2 0  1 2 9 . 1 5  0 . 0 8  0 . 7 0  
4 8  1 . 1 4  0 . 5 7  2 3 7 . 2 5  1 3 8 . 9 0  0 . 0 4  2 0 . 3 3  
4 9  1 . 3 9  0 . 0 0  1 9 4 . 3 0  1 0 7 . 0 0  0 . 0 2  1 9 . 6 4  
5 0  1 . 5 8  0 . 7 8  2 2 6 . 3 5  1 2 6 . 5 5  0 . 5 9  2 6 . 4 0  
5 1  1 . 1 0  0 . 0 0  2 0 4 . 4 0  1 0 6 . 6 5  0 . 0 9  1 4 . 5 9  
5 2  1 . 0 3  0 . 0 0  1 9 1 . 3 5  1 0 8 . 9 5  0 . 0 2  1 0 . 8 3  
5 3  1 . 0 0  1 . 6 8  2 0 9 . 6 5  1 0 9 . 3 0  0 . 0 2  1 5 . 1 0  
5 4  1 . 1 0  0 . 7 4  2 2 8 . 3 5  1 2 6 . 6 5  0 . 0 7  1 1 . 4 8  
5 5  1 . 0 9  1 . 4 1  2 1 3 . 8 5  1 1 6 . 9 5  0 . 1 2  8 . 0 9  
5 6  0 . 9 0  0 . 5 7  2 2 4 . 3 0  1 1 3 . 4 5  0 . 1 5  7 . 7 6  
5 7  1 . 0 5  2 . 0 1  2 1 7 . 8 0  1 2 2 . 1 0  0 . 0 6  4 1 . 5 9  
5 8  0 . 9 3  4 . 2 2  2 0 0 . 0 0  1 0 0 . 5 0  0 . 0 2  8 . 3 1  
5 9  1 . 0 9  0 . 0 0  1 7 1 . 7 5  9 1 . 9 0  0 . 0 7  0 . 5 7  
6 0  1 . 3 6  0 . 0 0  2 3 0 . 9 5  1 2 4 . 0 0  0 . 0 3  1 7 . 9 9  
6 1  1 . 0 6  1 . 3 3  2 0 9 . 0 5  1 0 3 . 3 0  0 . 0 3  1 0 . 5 6  
6 2  1 . 1 9  0 . 5 4  2 0 6 . 1 0  1 1 7 . 9 5  0 . 2 0  1 . 2 5  
6 3  0 . 8 4  3 . 2 3  2 0 8 . 6 0  1 2 3 . 1 0  0 . 1 3  1 7 . 7 0  
6 4  1 . 1 5  3 . 4 0  2 0 9 . 1 5  1 0 3 . 8 5  0 . 1 6  0 . 7 4  
6 5  1 . 0 5  1 . 9 2  2 1 5 . 6 0  1 2 1 . 9 0  0 . 1 5  2 7 . 3 0  
6 6  '  1 . 0 0  0 . 7 8  1 9 5 . 0 5  1 1 1 . 4 5  0 . 0 7  8 . 9 3  
6 7  1 . 0 0  1 . 4 7  1 8 4 . 1 5  9 2 . 6 5  0 . 0 6  1 . 6 8  
6 8  1 . 0 3  2 . 3 8  2 0 1 . 9 0  1 0 6 . 4 5  0 . 0 2  1 3 . 1 9  
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APPENDIX B. MEANS FOR YIELD AND AGRONOMIC TRAITS OF 120 S^ LINES FROM 
BSll (FR) C6 COMBINED OVER TWO YEARS (1981 and 1982) 
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Means  for  y ie ld  and  agronomic  t ra i t s  of  120  S .  l ines  
f rom BSl l  (PR)  C6 combined  over  two years  (1981 and  1982) .  
TPi^ . IT  MYLD MST RTL STL DE 
FAMILY 
121  50 .61  19 .38  4 .73  20 .29  0 .00  
122 56 .44  21 .79  5 .31  17 .13  0 .50  
123 46 .10  20 .48  1 .42  20 .00  0 .26  
124 42 .54  19 .60  1 .40  21 .41  0 .28  
125 57 .54  18 .98  1 .47  21 .83  0 .00  
126 55 .13  22 .23  21 .77  21 .87  0 .25  
127 39 .35  22 .49  8 .27  30 .54  0 .54  
128 44 .76  20 .26  3 .32  23 .78  0 .90  
129 46 .56  19 .59  7 .83  12 .23  0 .26  
130 36 .93  22 .63  2 .17  13 .55  2 .73  
131 39 .09  21 .40  0 .98  20 .85  0 .00  
132 50 .60  19 .80  0 .25  14 .83  0 .52  
133 46 .24  22 .26  0 .23  12 .73  0 .26  
134 41 .60  22 .05  2 .37  34 .26  0 .94  
135 58 .30  20 .56  1 .30  16 .25  0 .00  
136 46 .35  19 .94  0 .54  20 .01  0 .00  
137 31 .93  18 .99  0 .00  24 .50  0 .00  
138 44 .23  20 .73  4 .24  20 .92  0 .83  
139 37 .96  23 .55  0 .86  22 .55  0 .  00  
140  50 .67  20 .78  0 .51  13 .95  0 .00  
141 41 .24  19 .58  2 .65  17 .56  0 .24  
142 44 .54  21 .15  11 .15  24 .13  0 .21  
143 51 .07  20 .30  6 .38  14 .34  0 .47  
144 37 .03  21 .63  2 .59  11 .46  0 .55  
145 52 .09  26 .74  2 .91  25 .94  0 .54  
146 43 .13  21 .81  1 .57  23 .90  0 .75  
147 58 .51  22 .49  1 .23  13 .14  0 .23  
148 43 .09  21 .10  5 .50  26 .81  0 .26  
149 43 .39  23 .03  26 .11  22 .57  0 .81  
ISO 30 .15  18 .83  0 .99  39 .12  0 .26  
151 32.06  19 .98  4 .46  25 .96  0 .46  
152 56 .99  23 .70  2 .62  26 .53  0 .  00  
153 49 .02  19 .28  0 .00  24 .35  0 .24  
154 45 .32  22 .74  1.11 14.66  0 .28  
155 36 .00  19 .59  0 .24  21 .39  0 .23  
156 43 .43  23 .38  13 .31  12 .20  0 .54  
157 48 .36  19 .58  0 .54  17 .18  0 .27  
158 43 .43  18 .20  0 .78  21 .67  0 .25  
159 37 .64  21 .13  1 .70  16 .14  1 .08  
160 51.18 20.95  1 .22  26 .96  0 .00  
TRAITS MYLD MST RTL STL D E  
FAMILY 
161 4 3 . 7 2  2 4 . 5 0  1 2 . 6 1  2 9 . 2 9  0 . 2 4  
162 3 4 . 6 7  2 2 . 1 3  0 . 0 0  1 8 . 6 2  0 . 2 7  
163 4 1 . 7 7  1 9 . 7 4  0 . 2 8  3 0 . 7 4  0 . 2 7  
164 4 8 . 6 8  2 2 . 9 8  1 . 2 0  1 7 . 7 9  0 . 5 1  
165 4 6 . 0 8  1 9 . 8 1  2 . 8 0  3 2 . 6 1  0 . 2 4  
166 4 3 . 8 2  2 0 . 5 4  6 . 4 5  3 5 . 8 9  0 . 2 5  
167 4 0 . 5 6  1 8 . 9 6  0 . 9 0  1 9 . 5 4  1 . 3 3  
168 3 4 . 7 7  1 8 . 3 4  1 . 1 1  2 0 . 3 1  0 . 2 7  
169 5 3 . 5 6  1 9 . 2 6  0 . 8 7  2 1 . 8 1  0 . 0 0  
170 3 9 . 6 3  2 0 . 6 3  0 . 5 5  2 2 . 6 9  0 . 5 3  
171 4 4 . 4 0  2 1 . 6 8  3 . 8 6  2 8 . 3 6  0 . 5 6  
172 4 1 . 5 0  2 0 . 9 3  1 . 9 1  1 8 . 6 5  0 . 5 1  
173 4 7 . 2 5  2 1 . 0 8  3 . 1 4  2 8 . 1 9  0 . 5 5  
174 5 0 . 2 2  2 0 . 9 5  2 . 2 1  1 8 . 4 9  0 . 0 0  
175 4 1 . 6 5  2 2 . 7 6  0 . 7 7  2 9 . 6 3  0 . 0 0  
176 5 0 . 5 2  2 3 . 1 4  4 . 6 5  2 0 . 7 8  0 . 7 7  
177 4 1 . 6 9  2 1 . 9 6  1 . 3 3  2 0 . 6 4  0 . 0 0  
,178 3 6 . 2 1  1 9 . 5 6  0 . 4 9  2 7 . 3 8  0 . 8 2  
179 4 2 . 9 6  1 9 . 6 0  3 . 1 4  1 9 . 9 2  0 . 2 8  
180 5 4 . 3 3  2 0 . 7 4  1 . 2 4  2 1 . 4 3  0 . 0 0  
181 6 0 . 0 4  2 1 . 6 9  1 . 5 0  1 9 . 2 2  0 . 0 0  
182 3 3 . 7 6  2 1 . 1 3  3 . 1 3  3 4 . 7 2  1 . 0 7  
183 4 9 . 6 8  2 1 . 4 0  0 . 7 9  1 2 . 3 5  0 . 5 2  
184 5 6 . 7 9  2 0 . 5 4  1 . 7 9  2 5 . 2 6  0 . 0 0  
185 4 6 . 6 9  2 0 . 6 3  0 . 0 0  2 2 . 7 4  1 . 2 8  
186 3 0 . 6 4  1 9 . 3 1  0 . 0 0  1 4 . 5 1  0 . 7 1  
187 3 8 . 0 6  1 8 . 1 6  0 . 0 0  2 8 . 7 6  0 . 2 6  
188 3 7 . 8 5  2 0 . 5 0  0 . 2 4  2 2 . 5 8  0 . 2 7  
189 4 5 . 7 6  2 3 . 0 9  1 . 8 8  2 0 . 9 0  0 . 0 0  
190 4 2 . 3 5  2 2 . 2 0  4 . 0 7  1 0 . 3 3  0 . 5 5  
191 5 0 . 0 1  2 0 . 7 5  7 . 5 1  7 . 9 4  1 . 3 1  
192 3 8 . 1 7  2 3 . 8 4  1 . 5 6  1 6 . 3 4  0 . 2 6  
193 4 9 . 4 0  1 8 . 9 5  1 . 0 5  1 6 . 0 5  0 . 5 1  
194 4 7 . 5 0  2 0 . 9 3  0 . 5 2  1 0 . 6 1  0 . 7 9  
195 4 0 . 1 8  2 0 . 7 5  4 . 5 9  2 4 . 2 8  0 . 0 0  
196 5 6 . 8 6  2 2 . 8 4  1 . 7 9  1 5 . 5 9  1 . 2 2  
197 4 8 . 1 5  1 8 . 6 1  0 . 2 8  2 0 . 2 8  0 . 0 0  
198 5 3 . 2 9  1 9 . 9 0  2 . 6 6  1 4 . 8 2  0 . 0 0  
199 3 5 . 7 6  2 0 . 3 4  3 . 1 8  3 0 . 1 9  0 . 2 6  
2 0 0  4 0 . 9 2  2 2 . 4 5  0 . 2 8  1 9 . 0 0  0 . 0 0  
201 
202 
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2 3 0  
2 3 1  
2 3 2  
2 3 3  
2 3 4  
2 3 5  
2 3 6  
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2 3 8  
2 3 9  
2 4 0  
MEA 
174 
MYLD . MST RTL STL DE 
5 2 . 3 5  2 6 . 5 1  3 . 1 3  2 4 . 3 4  1 . 0 6  
4 2 . 7 4  1 9 . 4 6  0 . 7 6  2 1 . 5 5  0 . 0 0  
6 1 . 1 2  2 2 . 1 5  0 . 6 4  2 4 . 7 7  0 . 3 1  
4 6 . 6 0  1 9 . 9 1  7 . 9 0  2 0 . 5 9  0 . 0 0  
6 4 . 1 3  2 1 . 5 3  5 . 7 1  1 3 . 7 9  0 . 0 0  
4 4 . 5 6  2 0 . 2 5  4 . 7 2  1 7 . 0 2  0 . 0 0  
5 0 . 8 5  2 1 . 4 9  6 . 9 4  2 3 . 3 8  0 . 0 0  
3 8 . 4 0  1 7 . 9 1  0 . 7 5  2 2 . 4 9  0 . 2 6  
3 4 . 6 5  2 2 . 3 4  0 . 8 5  1 7 . 1 0  0 . 0 0  
3 6 . 0 5  2 0 . 7 0  0 . 5 2  2 1 . 4 3  0 . 2 8  
3 4 . 7 3  2 0 . 7 6  0 . 3 0  2 2 . 9 6  0 . 3 0  
4 3 . 9 5  1 9 . 8 4  2 . 3 1  3 3 . 3 2  0 . 0 0  
4 9 . 1 2  2 2 . 0 1  2 . 2 1  2 8 . 4 3  0 . 3 4  
3 5 . 1 0  2 1 . 9 3  0 . 4 9  1 6 . 8 0  0 . 0 0  
2 8 . 4 4  1 9 . 7 8  1 . 0 0  2 0 . 1 3  0 . 0 0  
4 4 . 7 9  2 3 . 6 5  5 . 7 4  2 1 . 1 4  1 . 6 1  
5 2 . 8 7  2 1 . 2 4  1 . 4 9  3 2 . 0 9  1 . 0 0  
4 1 . 7 2  1 9 . 0 9  5 . 8 1  1 3 . 7 3  0 . 0 0  
4 7 . 4 1  2 0 . 8 5  0 . 0 0  2 3 . 3 3  0 . 6 0  
5 1 . 8 2  2 0 . 7 6  0 . 0 0  2 3 . 0 7  0 . 0 0  
3 6 . 7 4  1 8 . 9 4  1 . 5 5  1 2 . 7 7  0 . 0 0  
2 9 . 7 6  2 0 . 0 4  0 . 9 1  1 6 . 1 7  0 . 3 1  
4 7 . 7 3  1 8 . 5 0  1 . 6 2  1 1 . 2 3  0 . 5 1  
5 8 . 4 6  2 1 . 3 0  2 . 8 6  2 5 . 2 3  1 . 0 4  
4 2 . 1 9  2 1 . 5 3  1 1 . 2 2  2 0 . 7 2  0 . 7 9  
3 7 . 5 3  1 9 . 7 3  0 . 0 0  1 6 . 2 1  0 . 6 6  
4 3 . 7 3  2 0 . 5 1  1 4 . 0 7  1 5 . 7 9  0 . 0 0  
4 7 . 6 2  2 0 . 4 8  0 . 5 1  1 6 . 1 7  0 . 5 5  
4 5 . 5 0  2 1 . 1 8  0 . 2 4  2 2 . 7 9  0 . 0 0  
4 4 . 8 7  1 9 . 5 3  1 . 0 2  2 4 . 0 8  0 . 8 7  
4 6 . 0 6  2 1 . 7 0  0 . 5 0  2 8 . 4 2  0 . 2 2  
4 9 . 3 0  2 4 . 4 3  2 . 7 7  1 5 . 8 9  1 . 0 7  
4 7 . 4 8  2 6 . 5 8  2 . 1 1  1 2 . 7 8  0 . 0 0  
3 2 . 8 0  2 0 . 4 1  1 . 6 3  2 0 . 1 9  1 . 1 3  
3 3 . 9 0  1 9 . 9 5  0 . 0 0  2 9 . 2 9  0 . 0 0  
4 7 . 5 0  1 9 . 9 6  1 . 1 6  1 9 . 4 3  0 . 6 7  
6 4 . 3 0  2 3 . 3 8  3 . 0 5  1 8 . 7 9  0 . 3 1  
4 2 . 1 4  2 0 . 7 5  0 . 9 9  2 6 . 2 3  0 . 4 5  
4 4 . 2 3  1 9 . 4 4  0 . 0 0  2 3 . 9 6  0 . 2 5  
4 5 . 1 6  1 9 . 0 3  0 . 2 6  3 5 . 7 3  0 . 0 0  
4 4 . 8 2  2 0 . 9 9  2 . 8 3  2 1 . 2 7  0 . 3 9  
TRAITS YLDl YLD2 YLDLS KWTl KWT2 KWTLS 
FAMILY 
121 6 5 . 2 3  5 8 . 6 1  6 . 6 2  6 0 . 7 0  6 3 . 0 5  - 2 . 3 5  
122 5 8 . 1 4  7 1 . 6 1  - 1 3 . 4 7  6 7 . 6 0  6 6 . 0 0  1 . 6 0  
123 6 0 . 9 8  6 5 . 5 0  - 4 . 5 2  7 7 . 8 5  7 8 . 3 0  — 0  . 4 5  
124 5 7 . 6 9  5 6 . 3 4  1 . 3 5  6 2 . 1 8  6 5 . 8 3  - 3 . 6 5  
125 6 3 . 9 7  6 1 . 9 7  2 . 0 0  6 3 . 0 0  5 9 . 2 0  3  . 8 0  
126 6 6 . 5 8  5 8 . 9 7  7 . 6 1  6 1 . 2 3  6 2 . 0 3  —  0 . 8 0  
127 6 3 . 3 2  5 9 . 0 4  4 . 2 8  6 7 . 4 8  6 4 . 9 5  2 . 5 3  
128 6 3 . 2 5  6 4 . 5 4  - 1 . 3 0  8 3 . 3 8  8 3 . 9 3  - 0 . 5 5  
129 6 8 . 6 2  6 0 . 1 9  8 . 4 4  6 3 . 2 0  6 0 . 8 3  2 . 3 8  
130 4 5 . 9 1  4 1 . 1 8  4 . 7 3  8 7 . 2 0  8 7 . 3 0  - 0 . 1 0  
131 6 1 . 8 1  5 4 . 8 6  6 . 9 6  6 1 . 4 3  5 5 . 7 0  5 . 7 3  
132 6 4 . 6 5  6 5 . 1 1  — 0 . 4 6  7 0 . 1 3  6 3 . 5 8  6 . 5 5  
133 5 0 . 8 1  5 4 . 4 0  - 3 . 6 0  6 3 . 1 3  6 5 . 5 5  - 2 . 4 3  
134 6 1 . 5 4  6 4 . 8 4  - 3 . 3 0  6 6 . 7 3  6 3 . 3 8  3 . 3 5  
135 6 5 . 9 8  6 4 . 0 8  1 . 9 1  7 6 . 9 8  6 9 . 4 0  7 . 5 8  
136 5 8 . 5 6  5 6 . 5 0  2 . 0 6  5 3 . 2 8  5 4 . 3 8  - 1 . 1 0  
137 5 6 . 9 4  5 2 . 3 3  4 . 6 1  5 0 . 6 5  4 9 . 2 3  1 . 4 3  
138 6 4 . 3 6  5 8 .  6 5  5 . 7 1  7 4 . 5 8  7 9 . 6 0  - 5 . 0 3  
139 5 3 . 1 6  5 1 . 3 9  1 . 7 7  7 4 . 4 8  7 8 . 1 5  - 3  .  6 8  
140 6 4 . 7 1  6 2 . 4 3  2 . 2 8  6 6 . 6 5  6 6 . 4 0  •  0 . 2 5  
141 6 2 . 5 6  5 9 . 0 0  3 . 5 6  5 2 . 6 0  4 8 . 3 8  4 . 2 3  
142 5 8 . 8 9  4 1 . 7 0  1 7 . 1 9  5 9 . 1 0  5 5 . 1 8  3 . 9 3  
143 6 5 . 2 3  6 2 . 9 2  2 . 3 2  •  6 5 . 6 5  6 2 . 3 5  3 . 3 0  
144 5 5 . 4 5  5 6 . 0 9  - 0 . 6 5  6 4 . 9 8  7 0 . 8 0  - 5 . 8 3  
145 6 3 . 8 7  6 3 . 2 6  0 . 6 2  7 8 . 5 3  7 1 . 9 3  6 . 4 3  
146 6 5 . 9 2  6 2 . 0 6  3 . 8 6  8 1 . 2 3  7 4 . 1 3  7 . 1 0  
147 6 3 . 8 6  5 5 . 1 7  8 . 6 9  7 6 . 8 0  7 0 . 6 8  6 . 1 3  
148 5 8 . 7 1  6 0 . 6 0  - 1 . 9 0  6 3 . 3 0  5 9 . 5 8  3 . 7 3  
149 6 5 . 1 6  6 1 . 5 4  3 . 6 2  9 1 . 0 3  8 5 . 5 5  5 . 4 8  
150 5 4 . 9 9  5 1 . 1 7  3 . 8 3  5 3 . 7 0  5 3 . 2 3  0 . 4 8  
151 6 1 . 6 2  5 3 . 3 6  8 . 2 6  7 6 . 3 8  7 1 . 5 8  4 . 8 0  
152 7 4 . 1 2  7 4 . 1 1  0 . 0 1  7 2 . 0 3  7 3  .  0 5  - 1 . 0 3  
153 6 9 . 0 9  6 8 . 8 5  0 . 2 5  8 3 . 5 5  8 6 . 5 0  - 2 . 9 5  
154 5 5 . 4 7  5 0 . 6 5  4 . 8 2  6 7 . 3 0  6 7 . 3 8  - 0 . 0 8  
155 5 7 . 8 8  4 4 . 3 1  1 3 . 5 7  5 1 . 2 8  5 3 . 1 8  - 1 , 9 0  
156 5 7 . 0 3  5 0 . 9 1  6 . 1 2  7 4 . 5 3  7 3 . 0 0  1 . 5 3  
157 6 6 . 1 7  6 5 . 4 8  0 . 6 9  7 2 . 3 5  7 3 . 7 3  - 1 . 3 8  
158 5 9 . 0 8  5 7 . 7 4  1 . 3 4  5 3 . 9 8  5 1 . 3 0  2 , 6 8  
159 5 2 . 5 7  5 6 . 7 6  - 4 . 2 0  6 4 . 1 8  6 4 . 2 3  - 0 , 0 5  
160 5 7 . 7 9  6 4 . 5 1  - 6 . 7 2  5 4 . 3 8  5 7 . 6 0  - 3 , 2 3  
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TRAITS YLDl YLD2 YLDLS KWTl KWT2 KWTLS 
FAMILY 
2 0 1  5 9 . 8 3  5 9 . 0 7  0 . 7 6  9 2 . 3 5  9 2 . 3 8  - 0 . 0 3  
2 0 2  5 8 . 1 8  5 3 . 3 8  4 . 8 0  6 6 . 5 5  6 3 . 5 8  2 . 9 7  
2 0 3  6 5 . 1 1  6 3 . 2 9  1 . 8 2  7 4 . 3 8  7 3 . 9 3  0 . 4 5  
204 6 2 . 2 1  6 3 . 5 8  - 1 . 3 7  6 1 . 9 5  6 4 . 4 0  - 2 . 4 5  
205 8 2 . 9 0  6 4 . 6 0  1 8 . 3 1  7 0 . 9 3  6 4 . 7 3  6 . 2 0  
206 4 6 . 5 4  4 9 . 0 0  - 2 . 4 6  6 2 . 8 5  ' 6 3 . 5 3  —  0 .  6 8  
207 6 5 . 1 3  6 5 . 7 0  - 0 . 5 7  7 4 . 8 3  7 9 . 1 8  - 4 . 3 5  
208 5 3 . 2 6  5 0 . 6 7  2 . 5 9  5 8 . 2 5  5 4 . 4 5  3 . 8 0  
209 5 2 . 5 3  5 0 . 3 0  2 . 2 3  6 6 . 7 5  6 3 . 2 5  3 . 5 0  
210 '61.50 5 2 . 5 3  8 . 9 7  5 9 . 7 5  6 1 . 6 8  - 1 . 9 3  
211 6 5 . 4 8  6 4 . 6 8  0 . 8 1  6 3 . 5 0  6 4 . 8 8  - 1 . 3 8  
212 6 4 . 1 8  6 0 . 7 1  3 . 4 7  6 2 . 6 0  6 9 . 1 3  - 6 . 5 3  
213 6 1 . 9 3  6 0 . 2 3  1 . 7 1  6 1 . 0 3  6 2 . 8 5  - 1 . 8 2  
214 4 2 . 7 8  4 7 . 4 4  - 4 . 6 6  5 0 . 0 3  5 0 . 5 8  — 0 . 5 5  
215 4 8 . 1 0  5 1 . 5 7  - 3 . 4 7  5 9 . 0 0  5 7 . 2 3  1 . 7 7  
216 4 5 . 8 9  4 3 . 3 0  2 . 5 9  6 7 . 7 8  6 6 . 7 5  1 . 0 3  
217 6 8 . 7 0  6 6 . 7 5  1 . 9 5  6 8 . 1 8  6 4 . 0 8  4 . 1 0  
218 5 7 . 2 6  5 7 . 7 8  - 0 . 5 2  7 9 . 5 0  8 1 . 6 5  - 2 . 1 5  
219 6 4 . 5 7  6 6 . 1 9  - 1 . 6 2  7 2 . 4 5  6 2 . 1 5  1 0 . 3 0  
2 2 0  7 0 . 1 1  5 9 . 6 1  1 0 . 5 0  6 8 . 4 3  6 5 . 0 3  3 . 4 0  
221 6 2 . 4 0  6 1 . 3 2  1 . 0 8  7 0 . 6 5  7 0 . 4 8  0 . 1 8  
2 2 2  4 9 . 6 7  5 1 . 0 9  - 1 . 4 2  6 5 . 5 0  6 2 . 7 8  2 . 7 2  
2 2 3  5 5 . 4 3  5 6 . 0 8  - 0 . 6 5  5 4 . 5 0  5 2 . 2 5  2 . 2 5  
2 2 4  5 6 . 5 0  6 7 . 8 9  - 1 1 . 3 9  8 3 . 5 3  8 5 . 5 8  - 2 . 0 5  
225 5 4 . 8 3  5 3 . 6 0  1 . 2 3  7 1 . 5 8  6 9 . 3 5  2 . 2 3  
2 2 6  5 2 . 9 7  4 7 . 3 2  5 . 6 6  9 0 . 7 5  6 5 . 2 0  2 5 . 5 5  
227 5 3 . 6 8  6 0 . 2 5  - 6 . 5 7  6 8 . 0 0  6 7 . 3 5  0 . 6 5  
228 5 6 . 3 5  51.18 5 . 1 7  5 6 . 3 0  5 1 . 4 5  4 . 8 5  
2 2 9  5 8 . 4 4  5 2 . 5 4  5 . 9 0  6 3 . 2 8  5 9 . 7 8  3 . 5 0  
2 3 0  5 4 . 4 5  5 7 . 6 4  - 3 . 1 9  8 8 . 7 5  8 7 . 3 5  1 . 4 0  
2 3 1  6 7 . 3 5  5 6 . 8 8  1 0 . 4 8  6 2 . 0 0  5 2 . 7 0  9 . 3 0  
2 3 2  5 4 . 3 8  5 5 . 4 8  - 1 . 1 0  7 3 . 7 0  7 6 . 8 3  - 3 . 1 3  
2 3 3  5 6 . 6 9  5 9 . 9 6  - 3 . 2 7  7 8 . 1 5  7 8 . 2 5  - 0 . 1 0  
2 3 4  5 3 . 9 9  4 8 . 7 3  5 . 2 6  7 6 . 1 3  7 4 . 4 3  1 . 7 0  
2 3 5  3 7 . 9 7  5 0 . 5 0  - 1 2 . 5 3  5 0 . 4 5  5 5 . 3 3  - 4 . 8 8  
2 3 6  6 0 . 8 4  6 4 . 4 1  - 3 . 5 7  6 6 . 2 8  6 4 . 5 0  1 . 7 8  
2 3 7  7 9 . 4 7  8 1 . 7 1  - 2 . 2 5  7 6 . 4 8  7 9 . 0 8  - 2 . 6 0  
238 5 2 . 8 7  5 7 . 1 9  - 4 . 3 2  6 1 . 5 5  6 2 . 3 5  —  0 . 8 0  
2 3 9  6 5 . 7 3  5 5 . 8 4  9 . 8 9  7 3 . 2 5  6 7 . 3 0  5 . 9 5  
2 4 0  5 8 . 5 0  6 2 . 4 0  - 3 . 9 0  6 1 . 5 0  5 6 . 8 8  4 . 6 2  
MEAN 6 0 . 0 1  5 8 . 4 2  1 . 5 8  6 7 . 7 3  6 6 . 4 5  1 . 2 8  
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STLl STL2 STLD RPNl RPN2 RPND 
1 6 . 6 3  1 5 . 5 0  - 1 . 1 3  9 . 9 0  8 . 7 5  1 . 1 5  
6 . 7 0  1 0 . 2 4  3 . 5 4  8 . 6 5  6 . 5 0  2 . 1 5  
8 . 3 1  1 4 . 5 0  6 . 1 9  1 2 . 1 0  1 2 . 6 0  — 0 . 5 0  
1 6 . 1 1  1 4 . 4 4  - 1 . 6 7  6 . 8 0  6 . 9 0  - 0 . 1 0  
1 1 . 6 7  1 4 . 2 9  2 . 6 2  8 . 3 5  7 . 0 0  1 . 3 5  
8 . 3 9  3 . 1 7  - 5 . 2 2  1 1 . 1 0  9 . 2 0  1 . 9 0  
3 3 . 1 8  2 8 . 1 9  - 4 . 9 9  7 . 5 0  5 . 5 0  2 . 0 0  
2 1 . 3 9  2 1 . 5 4  0 . 1 5  6 . 6 0  4 . 6 0  2 . 0 0  
1 7 . 1 6  2 0 . 1 3  2 . 9 7  5 . 8 5  5 . 8 0  0 . 0 5  
2 5 . 8 3  2 2 . 3 9  - 3 . 4 4  6 . 8 0  6 . 9 0  - 0 . 1 0  
3 4 . 2 8  3 6 . 5 8  2 . 3 0  6 . 6 5  5 . 5 5  1 . 1 0  
3 3 . 8 1  1 8 . 0 6  - 1 5 . 7 5  9 . 6 5  7 . 6 5  2 . 0 0  
2 3 . 0 1  2 3 . 6 8  0 . 6 7  9 . 2 0  7 . 2 0  2 . 0 0  
1 3 . 7 3  2 1 . 3 1  7 . 5 8  7 . 3 0  7 . 1 0  0 . 2 0  
1 0 . 9 1  1 4 . 8 1  3 w 9 0  9 . 0 0  7 . 9 5  1 . 0 5  
1 4 . 9 7  1 3 . 6 5  - 1 . 3 2  1 0 . 7 0  1 0 . 0 0  0 . 7 0  
2 0 . 0 3  2 9 . 8 5  9 . 8 2  8 . 6 5  6 . 0 0  2 . 6 5  
4 . 2 6  5 . 7 5  1 . 4 9  9 . 4 0  8 . 7 0  0 . 7 0  
1 0 . 4 8  1 4 . 1 4  3 . 6 6  1 2 . 7 5  1 0 . 5 5  2 . 2 0  
1 7 . 2 2  1 1 . 7 0  - 5 . 5 2  1 0 . 3 0  9 . 7 0  0 .  6 0  
8 . 6 7  8 . 3 3  - 0 . 3 4  5 . 3 5  5 . 3 5  •  0 . 0 0  
8 . 2 9  5 . 4 4  - 2 . 8 5  1 1 . 8 5  1 1 . 2 0  0 . 6 5  
9 . 3 8  3 . 3 4  - 6 . 0 4  9 . 7 0  7 . 4 5  •  2 . 2 5  
1 1 . 7 5  8 . 9 5  - 2 . 8 0  1 0 . 4 5  9 . 7 0  0 . 7 5  
1 6 . 3 8  2 2 . 9 3  6 . 5 5  7 . 9 5  6 . 5 5  1 . 4 0  
1 4 . 1 3  6 . 1 3  - 8 . 0 0  6 . 4 0  6 . 0 5  0 . 3 5  
1 5 . 6 5  2 0 . 3 1  4 . 6 6  8 . 0 5  7 . 9 0  0 . 1 5  
2 1 . 0 1  2 2 . 6 9  1 . 6 8  7 . 7 5  6 . 8 5  0 . 9 0  
1 2 . 3 7  7 . 6 9  - 4 . 6 8  9 . 1 5  7 . 5 5  1 . 6 0  
1 0 . 4 6  9 . 0 1  - 1 . 4 5  7 . 9 5  8 . 1 0  - 0 . 1 5  
3 1 . 1 4  2 7 . 4 2  - 3 . 7 2  6 . 2 5  5 . 4 0  0 . 8 5  
2 . 6 1  1 1 . 0 5  8 . 4 4  8 . 9 0  8 . 8 0  0 . 1 0  
0 . 0 0  1 1 . 0 3  1 1 . 0 3  1 1 . 2 0  1 1 . 8 0  — 0 . 6 0  
4 . 5 2  2 1 . 5 3  1 7 . 0 1  1 0 . 8 5  9 . 5 0  1 . 3 5  
1 7 . 4 5  1 9 . 1 3  1 . 6 8  8 . 1 0  8 . 5 0  - 0 . 4 0  
1 8 . 5 6  1 1 . 9 4  — 6 . 6 2  8 . 3 0  6 . 4 5  1 . 8 5  
1 3 . 8 2  8 . 0 7  - 5 . 7 5  1 0 . 3 5  9 . 2 5  1 . 1 0  
1 7 . 5 8  3 2 . 1 8  1 4 . 6 0  7 . 5 5  7 . 1 5  0 . 4 0  
5 . 8 8  6 . 9 2  1 . 0 4  7 . 6 0  6 . 2 5  1 . 3 5  
1 7 . 3 3  2 5 . 6 9  8 . 3 6  8 . 8 5  7 . 3 0  1 . 5 5  
1 5 . 7 2  1 8 . 6 1  2 . 8 9  8 . 3 1  7 . 2 9  1 . 0 2  
181 
TRAIT ERNO DEl PLHT ERHT TILL RTLl 
FAMILY 
121 1 . 9 7  0 . 7 4  2 0 4 . 4 0  1 0 7 . 6 5  0 . 0 9  1 5 . 3 8  
122 1 . 4 0  0 . 7 4  1 9 1 . 3 0  1 0 6 . 1 5  0 . 1 1  5 . 1 2  
123 1 . 4 6  0 . 8 3  2 1 6 . 6 0  1 1 0 . 0 5  0 . 0 9  0 . 8 9  
124 1 . 4 1  0 . 0 0  1 9 7 . 7 0  1 0 0 . 3 0  0 . 1 5  0 . 0 0  
125 1 . 7 6  0 . 0 0  1 9 8 . 7 0  1 0 5 . 8 5  0 . 0 7  1 . 3 0  
126 1 . 5 6  1 . 4 7  2 1 0 . 6 0  1 1 3 . 2 5  0 . 1 2  2 2 . 0 6  
127 1 . 6 4  0 . 0 0  2 1 5 . 5 0  1 2 3 . 8 5  0 . 0 5  4 0 . 8 3  
128 1 . 5 3  0 . 7 4  2 2 3 . 4 0  1 2 3 . 0 5  0 . 0 2  3 . 0 3  
129 1 . 6 0  0 . 7 4  2 0 4 . 4 5  9 5 . 0 5  0 . 0 5  2 2 . 0 0  
130 1 . 0 9  0 . 6 0  2 2 5 . 5 5  1 2 7 . 2 0  0 . 0 6  9 . 3 9  
131 1 . 5 4  0 . 5 4  1 9 2 . 1 0  1 1 0 . 3 5  0 . 0 2  0 . 0 0  
132 1 . 7 5  0 . 7 4  1 9 8 . 3 5  1 0 7 . 0 0  0 . 1 3  2 . 0 4  
133 1 . 3 8  0 . 0 0  2 1 4 . 0 0  1 1 2 . 4 0  0 . 0 2  0 . 5 4  
134 1 . 4 1  0 . 5 7  2 1 2 . 3 5  1 2 1 . 9 0  0 . 0 6  3 . 9 6  
135 1 . 3 0  1 . 3 6  1 9 2 . 9 0  9 7 . 6 0  0 . 0 4  1 . 6 3  
136 1 . 6 8  0 . 0 0  1 8 2 . 8 0  9 6 . 5 0  0 . 0 5  6 . 8 1  
137 1 . 8 0  0 . 6 0  1 8 9 . 1 0  9 4 . 9 5  0 . 0 7  0 . 0 0  
138 1 . 5 9  0 . 7 8  1 9 3 . 5 0  1 1 4 . 5 0  0 . 0 7  9 . 5 6  
139 1 . 3 6  0 . 0 0  2 1 5 . 1 5  1 2 0 . 7 5  0 . 0 5  0 . 0 0  
140 1 . 7 5  0 . 6 3  2 0 3 . 8 5  1 1 5 . 0 0  0 . 0 4  0 . 0 0  
141 1 . 7 0  0 . 0 0  1 7 6 . 1 5  8 6 . 6 5  0 . 1 6  2 . 1 3  
142 1 . 3 3  1 . 4 3  1 9 1 . 7 5  9 5 . 5 0  0 . 2 9  5 9 . 0 8  
143 1 . 4 0  .  1 . 7 8  2 1 4 . 0 0  1 1 6 . 0 5  0 . 2 0  2 . 0 2  
144 1 . 5 0  0 . 0 0  2 1 7 . 0 0  1 1 2 . 4 0  0 . 0 4  0 . 5 4  
145 1 . 3 6  1 . 4 7  2 0 9 . 7 5  1 2 4 . 3 0  0 . 0 5  1 7 . 3 2  
146 1 . 5 4  0 . 7 0  1 9 3 . 9 0  1 0 6 . 0 0  0 . 1 3  4 . 6 4  
147 1 . 2 2  0 . 5 7  2 1 8 . 0 0  1 2 9 . 1 5  0 . 0 6  5 . 3 7  
148 1 . 6 8  0 . 0 0  2 1 6 . 5 0  1 1 3 . 8 5  0 . 1 5  1 5 . 2 3  
149 1 . 1 6  2 . 6 5  2 3 0 . 2 0  1 3 0 . 9 5  0 . 1 4  3 9 . 7 7  
150 1 . 7 6  0 . 6 3  1 8 2 . 6 0  9 5 . 0 5  0 . 0 7  1 . 7 9  
151 1 . 8 7  0 . 7 8  2 0 4 . 2 0  9 9 . 7 0  0 . 4 8  8 . 1 2  
152 1 . 5 5  0 . 5 4  1 9 8 . 7 0  1 0 9 . 4 5  0 . 4 0  1 8 . 0 6  
153 1 . 7 0  2 . 6 6  2 1 9 . 8 0  1 1 3 . 8 5  0 .  0 2  2 . 2 5  
154 1 . 6 5  0 . 0 0  1 9 5 . 7 5  1 0 0 . 2 0  0 .  0 2  0 . 5 4  
155 1 . 8 3  0 . 7 8  1 7 6 . 8 5  8 9 . 6 5  0 . 0 7  1 . 4 7  
156 1 . 3 3  0 . 7 0  2 0 8 . 9 0  1 1 6 . 6 0  0 . 0 5  1 7 . 2 6  
157 1 . 5 4  3 . 4 8  2 0 6 . 6 5  1 1 2 . 4 0  •  0 . 0 3  1 . 0 9  
158 '  1 . 8 4  1 . 3 8  1 9 8 . 0 5  1 0 6 . 4 5  0 . 0 8  4 . 3 5  
159 1 . 2 9  3 . 4 8  2 1 7 . 9 0  1 1 9 . 9 5  0 . 1 0  0 . 6 3  
160 1 . 7 5  0 . 0 0  2 2 0 . 4 5  1 1 4 . 9 0  0 . 0 8  1 0 . 3 5  
tOHHHHHHHHHHHHI-'HHHHHHHHHHHHMHHHHHHHHHHI-'HM 
ou)u>u)vovovovovou>vooaoo(»ooo)oao30oooo} > j > j v j v j < s]^>j^>j- v]o\ai(n(ncno\o\o\ot 
ouDOD^ovui^cJtoi-'Oioca^cnuirf^wtoj-'Ovoco^cricn^wNJi-'OvocD^aiUi.t'WNJH 
H H H H H H H H H H H H M H H H H H H H H H H H H H H H H H H H M H H H H H H H 
W in Ul VO H a\ 01 U) W o\ -J at •J m Ul w 09 •vj 00 CO 0 a\ 00 to Ul Ul 
M VO oi 00 o\ U> O O H VO 0 Ul VO H VO to vj 0 H» m H m CJ1 H VO 0 Ul w Ul Ul Ul 00 00 VO 
0 H 0 0 to 0 0 0 0 H 0 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 H 0 H 0 0 H H H 0 H 0 0 0 0 
0 m «0 0 0 0 09 0 0 Ul 0 to 0 00 0 Ul 0 Ul Ul 0 0 0 0 o\ 0 Ul 0 0 4^  o\ -J -4 0 0 0 0 CO 
0 a\ 0 H 0 W 0 0 0 H 0 w 0 0 -J •t^  00 0 0 0 00 4^  0 to 0 VO 0 0 VO w W 00 VO 0 0 0 VO 
to to M H to to H H to H M to H to M to to H H to 10 to M to H to H to H to M to to to to to M to H to 
0 H 00 00 H to VO VO 0 VO VO H VO 0 H 0 VO VO w 0 0 H to VO H VO 0 VO H 0 0 W to H 00 0 VO w 
CO to W •J 0 W Ul m to VO H to H Ch 0 0 H VO VO 0 w 4:^  CO w VO 0 VO W 0 w 00 H 00 
4^  0 0 a\ 0\ to H vj 09 4^  VO W to m VO M to Ul H 0 w Ul 0 to VO o\ VO 4^  VO H to 4^  H to m 
0 Ul 0 0 0 Ul 0 Ul Ul 0 0 0 0 Ul 0 Ul 0 Ul Ul Ul Ul Ul 0 0 0 0 Ul 0 0 0 0 0 Ul 0 Ul Ul 0 Ul 0 0 
M M H H H H M H M H M H I-» M H H H H M H» H H H H H H H H H H H H 
0 H VO H H H VO VO 0 H 0 to 0 H 09 H 0 0 0 W 0 0 H H 0 H 0 0 0 H VO VO 0 W to H VO H VO to 
Ul m a\ 0 VO •vl VO VO VO vj H H m 0 o\ 0 Ul M to m Ul 00 •J Ul m m 00 W 0 m CD Ul H 0 W -J 00 
a\ VO to m 0 H •1^  H 4^  •P» VO H Ul m H Ul m 0 VO w m m 0 VO 00 H Ul 0 VO H H 00 a\ 0 H VO 0 
Ul 0 0 Ul 0 0 Ul Ul Ul Ul 0 0 0 Ul 0 Ul Ul 0 0 Ul 0 0 Ul Ul Ul 0 0 Ul Ul Ul Ul Ul Ul 0 Ul Ul 0 Ul 0 Ul 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 H 0 H 0 H 0 H H H 0 0 0 H H to H H 0 0 H H* 0 to 0 H 0 w H 0 0 H 0 0 0 H 
H 4^  w o\ 4^  4^  03 0 00 0 to H 4^  M a\ 00 4^  Ul H 0 W to to W 0 U 00 to 0 VO en 0 Ul to VO VO w 4^  to 
to to H 
0 W w Ul 4a. 00 to 0 Ul 4^  M 0 0 0 0 0 M 0 W -J 0 Ul 0 to Ul -J W •J Ul 0 H 0 CJ 0 w w VO to H 
























2 2 3  






2 3 0  
2 3 1  
2 3 2  
2 3 3  
2 3 4  
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2 3 6  
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238 
2 3 9  
2 4 0  
MF a 
183 
(NO DEI PLHT ERHT TILL RTLl 
1 . 1 2  1 . 4 0  1 9 9 . 2 0  1 1 2 . 8 0  0 . 0 2  4 .  6 8  
1 . 6 5  0 . 0 0  1 8 2 . 0 0  9 4 . 9 5  0 . 0 4  2 .  4 1  
1 . 5 5  1 . 3 9  2 2 5 . 8 0  1 1 9 . 1 0  0 . 1 9  1 .  2 2  
1 . 7 6  0 . 0 0  211.55 1 1 7 . 2 0  0 . 0 9  3 .  3 5  
1 . 3 8  0 . 5 7  1 7 2 . 2 0  8 5 .  6 5  0 . 0 5  6 .  9 2  
1 . 3 1  0 . 0 0  2 0 7 . 2 0  1 1 0 . 6 5  0 . 0 3  7 .  6 1  
1 . 7 1  0 . 5 2  1 9 6 . 2 0  1 1 7 . 6 0  0 .  0 4  1 9 .  9 1  
1 . 8 7  0 . 0 0  1 7 6 . 3 5  9 7 . 6 5  0 . 0 7  1 .  1 9  
1 . 5 5  0 . 4 8  2 0 1 . 3 5  1 0 2 . 8 0  0 . 0 8  0 .  6 6  
1 . 3 9  0 . 0 0  2 0 2 . 3 0  1 0 3 . 5 0  0 . 0 8  6 .  0 0  
1 . 7 0  0 . 7 8  2 0 0 . 0 5  1 1 7 . 7 5  0 . 0 5  1 .  4 1  
2 . 0 5  0 . 7 8  2 2 5 . 1 5  1 3 0 . 6 5  0 . 1 0  0 .  5 4  
1 . 6 4  0 . 8 9  2 3 6 . 6 0  1 3 9 . 2 5  0 . 0 5  1 5 .  0 7  
1 . 5 2  0 . 0 0  2 1 0 . 1 5  1 0 9 . 8 0  0 . 0 7  0 .  5 2  
1 . 5 7  0 . 0 0  2 1 3 . 1 0  1 0 6 . 4 0  0 . 0 3  1 .  3 5  
1 . 1 3  0 . 5 7  2 2 6 . 1 0  1 2 2 . 2 5  0 . 1 0  1 3 .  1 3  
1 . 5 9  5 . 9 5  2 0 3 . 6 0  1 0 6 . 0 0  0 . 1 5  5 .  2 9  
1 . 5 6  1 . 0 6  2 1 8 . 4 0  1 1 4 . 8 0  0 . 0 2  5 .  5 2  
1 . 5 8  0 . 0 0  2 0 6 . 6 0  1 1 3 . 3 0  0 . 3 0  0 .  8 3  
1 . 5 2  0 . 0 0  2 0 2 . 2 5  1 1 5 . 7 5  0 . 1 5  0 .  5 7  
1 . 9 2  0 . 7 8  1 8 5 . 9 0  9 2 . 9 5  0 . 0 9  0 .  8 9  
1 . 4 1  0 . 0 0  2 0 1 . 2 5  1 0 2 . 4 0  0 . 0 4  1 .  0 9  
1 . 7 2  0 . 0 0  2 1 6 . 4 0  1 1 5 . 5 5  0 .  0 4  6 .  9 4  
1 . 3 4  0 . 0 0  2 1 7 . 0 5  1 2 3 . 0 5  0 .  0 7  2 4 .  4 5  
1 . 5 4  2 . 0 8  2 1 3 . 7 5  1 2 5 . 2 5  0 . 0 4  7 .  8 3  
1 . 4 2  0 . 0 0  1 8 4 . 1 5  1 0 2 . 2 0  0 . 0 7  0 .  5 4  
1 . 4 6  2 . 2 1  2 2 6 . 3 0  1 1 6 . 5 5  0 . 0 6  11. 2 8  
1 . 5 0  1 . 2 4  2 0 8 . 0 0  1 1 3 . 4 0  0 . 0 9  0 .  7 0  
1 . 3 1  0 . 0 0  1 9 0 . 4 5  9 7 . 8 5  0 . 0 7  1 .  9 4  
1 . 2 3  0 . 0 0  2 0 7 . 3 5  1 0 7 . 0 5  0 . 0 4  4 .  7 3  
1 . 6 9  0 . 0 0  1 9 2 . 3 0  1 1 2 . 7 0  0 . 0 5  4 .  2 4  
1 . 2 6  1 . 1 4  1 9 9 . 8 0  1 1 2 . 3 0  0 . 0 8  0 .  0 0  
1 . 5 4  0 . 0 0  2 1 9 . 4 5  1 1 3 . 1 0  0 . 0 2  1 6 .  8 5  
1 . 4 8  0 . 0 0  2 1 7 . 9 0  1 2 4 . 4 5  0 . 0 9  1 0 .  1 9  
1 . 3 9  0 . 0 0  1 9 5 . 3 0  9 6 . 7 5  0 . 0 5  0 .  0 0  
1 . 6 2  0 . 0 0  1 9 4 . 3 5  1 0 7 . 4 0  0 . 0 8  4 .  7 3  
1 . 3 0  0 . 0 0  2 3 5 . 1 0  1 2 6 . 8 5  0 . 1 1  1 .  5 6  
1 . 7 0  0 . 6 3  2 0 7 . 6 5  1 1 4 . 5 0  0 . 2 9  2 .  6 5  
1 . 7 2  0 . 7 4  1 9 1 . 6 0  1 0 3 . 1 0  0 . 1 1  2 .  3 8  
1 . 6 2  0 . 0 0  1 9 5 . 3 0  9 3 . 2 5  0 . 0 5  0 .  6 3  
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